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SUMMARY
ranked "sSth1^  1 1 1  i l  I f  I r a  aS an aPPle Producing county and Iowa 
aTOrage. th 191° apple producin^ state and tenth in a 12 yeai
to +iiar6a ^  müS C0Unty is 3’000 acres> 2,000 growing from 1870
j T d W6re Set °ut lar£ely from 1889 to 1894 on newly cleared timber soil, and their average age is 19 years. ■
m /° n athan’ Bel  Davis’ Grimes GoIden, Winesap, Wealthy and Duchess of 
Oldenberg are the principal varieties in the couAty. The g^wers usualh
î r i v e r Î Î Ï  h and^ “  D&Vi8 a" li 8°me ‘ ™ 0r «™> W saverage number of trees per acre in Mills county orchards is 87 and 
!y  i T S  Stan<!6 aPart’ 22 f6et by 22 feet- Sl™  ™  “ s d o »  as 15 S i
cent' it‘i d Z o S h - ' i 1? ntthe “ alS " T 17 orchards “ re in sod; eight pen
oreLrds retTriPd B u %  3  maûurf d 5 11 %  are in partial tillage These
MiWSSm ill mÈSÈÈËMÊËm -
mg, $54.16 in 1909 and $54.91 in 1911. g q * y and no prun-
sprayed7ïng 191 ¡1  S É l Ë  Elevea orchards were found to be
power barrel eumm I d  f  H ® 6 ? S  Power llfluid sprayer, 5 with hand
sprTSÏ S w i t f i '  n d” Ced 198 H ®  ï ”  1911 and 33 b¡1 ^ W m  H w  g l i  
ïïs fâ ïïg  “come af -4 « V i t
The most important diseases found in Mills county were apple blight 
blister canker, and apple blotch. The important insLtsfoundwerethe 
odhng moth and the apple and plum çurculios.
16 t o ™ ™ ?  H i K !i C0^  S B  Picking, 6c per bushel; packing,• t0 f l  Per carrel ; hauling, 2.2e per barrel per mile. The lack of labor 
m scattered orchards is a serious handicap in many seasons
The average price per barrel for apples in 1911 was $1.76 per barrel 
Cider is the only by-product now produced in Mills county
c i n t i ô n l ï Æ  ag° °rganiZe a lrui* Z*™ ™ ’ a880'
b y t h r o r i Î / a n d Î ^ Î v  r rCef ‘  of »rehards visited were operated
wnin l  -T 25% hy tenants. The average size of the farm unon
orchard W acres 8 ^  102 aCreS; the avera^e ^ e  of the
■ ° f ‘ h<i ° ^ io n  ‘ „at the orchard
■ ¡¡¡N  0ld °rC! r dSd Can be made t0 Pay a profit if properly handled They 
the soil * „PuTdnebe C o p t e r  “ d m ¿onservation in
Q |  H H  £
the Ï Ï T L S  £ £ f  K t h ^ u r ?  °f  dyaamit'  ”  by ■»**** « “ > “
i S H |  W m  m S t lm0WI1 as the Missouri loess, is yery well adanted 
‘ i * ” 1* sre™ g ; being retentiye o f moisture and containingthenieïïarv 
elements of plant food to produce' fruit of high quality. T1» soil d S S e  
and other natural conditions are favorable to the development of thé orchard 
M i l : m«" « d i8 mbusiness who are g M H g i g  S i
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AN APPLE ORCHARD SURVEY OF 
MILLS COUNTY
By LAURENZ GREENE
In many sections of Iowa apples can be grown successfully 
land profitably in a large way, provided the industry is carefully 
¡studied and its problems are dealt with correctly
To furnish a basis for study, to get at the difficulties ot or- 
Icharding in the state, and to help growers meet them success- 
Ifully and put the industry on a more permanent and profitable 
basis, the Iowa Agricultural Experiment station, m the summers 
I of 1911 and 1912, made a survey of the orchards of Mills county. 
This county was chosen because it ranked first in apple produc­
tion and in the percentage of tillable Soil devoted to this, crop, 
although Pottawattamie county had a larger total area of apple 
orchards. In the survey every phase of orcharding was mves 
tigated and the results are reported in this bulletin, with sugges­
tions for meeting the various problems that arise m the industry, 
and particularly for saving and restoring old orchards to profit­
able production.
The specific objects of the survey were these:
1. To compare the condition of the orchards in the region, the pre­
vailing methods of management, and the profitableness of these types 
for that section; also to compare successes and failures and to study 
the factors involved in each.
2. To learn the cost of production and relative income so as to 
gain an accurate knowledge of orcharding as it exists m one ot the 
leading apple growing regions of the state.
3.. To collect and publish data that would aid in answering many 
debatable questions relative to orchard management.
4. To ascertain the cause for the destruction of many orchards 
which had been removed to make way for grain and hay crops. And 
attempt to so aid other growers as to conserve their orchards.
5. To acquaint the Experiment station with those problems which 
are of most importance from the grower’s standpoint, so that future 
experimental work might be more valuable, and to bring e growe 
and the Experiment station into closer relationship with each other.
In making the survey, the writer planned to visit each orchard 
of five acres or more and tried to secure data from the owner fir 
tenant, or both. Many smaller orchards were visited and doubt­
less a few larger ones were missed. In some cases all data were 
secured by correspondence.
Iowa’s rank as a fruit producing state, and the importance of
* Acknowledgments are due to all the growers who assisted i.11 L£®r k | 1 h  
daily to the commercial clubs and business men of Glenwood and. M a l v ’ A  in some 
ed in many ways. The growers all cheerfully answered questions even though in some 
cases active interest in fruit growing was lacking.
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the Missouri loess as an apple producing soil appear in the tables,
TA B LE  I. T E N  H IG H E ST A PP LE  PRODUCING STATE S  
(Crop of of 1909 according to 1910 census)
Trees reported April 15, 1910 Products 1909
STATE
Of bearing age Not of bearing age
Farms Number Farms Number Bushels Valuereporting (Thous’ds) reporting (Thous’ds) (Thous’ds)
New York. . . 
Michigan . . . 
Pennsylvania 
Missouri . . . .  
Kentucky . . .
168,667
153,026
188,713
181,396
133,037
148,759
19,671
115,881
159,883
201,044
11,248
7,534
8,000
14,360
5,538
5,847
2,483
7,005
4,910
8,505
48,007
87,846
76,841
75,035
68,478
74,687
12,716
61,499
68,268
77,900
2,829
2,253
2,501
3,625
2,106
1,914
1,054
3,436
1,835
■2,438
25,409
12,332
11,048
9,969
7,368
6,747
6,335
6,104
4,776
4,664
13,343
5,969
5,558
4,886
3,067
3,551
2,902
3,130
2,015
2,971
California .. . 
Virginia . . . .  
No. Carolina.
1.
2 .
3.
4.
5.
6.
7.
8.
TA B LE  II.
New York. . . 
Pennsylvania
Ohio .............
Michigan . . .
I llin o is ........
Missouri 
Indiana 
California . .
AVER AG E A N N U A L  PRODUCTION  
(By States, 1899 to 1910)*
In Barrels
5,122,250
3,414,166
2,816,416
2,608,500
1,273,333
1,130,916
1,088,583
1,031,418
9. Maine ........... ..
10. Iowa .............  .
11. Arkansas . . . . .
12. New Hampshire
13. Mississippi . . . .
14. Kansas ........... ..
15. Connecticut . . .
16. Vermont .........
943,666
782,416
703,083
694,500
688.583
597.583 
518,333 
502,606
TA B L E  III . L E A D IN G  A PP LE  PRODUCING COUNTIES IN  IOW A  
(From the 1910 Census)
Trees reported April 15, 1910
Of bearing age Not of bearing age Products 1909
Farms Farms
Rank County Reporting Number Reporting Number Bushels Value
State ......................I 148,75915,847,0001
1. Mills .............
2. Pottawattomie 
'3. Preemont . . .
4. T a y lor ...........
5. Page
6. Harrison .. . .
7. R inggold ........
8. Decatur . . . .
9. Appanoose . . .10. Warren ..........
11. Davis ............
12. Wayne ...........
13. Cass ................
14. Montgomery ..
15. Van Buren.. . ,
16. Madison .........
17. Monroe ...........
18. Lucas . . . . . . .
É  1,095 242,466 169 6,0322,751 259,113 ■ 778 25,315
1 1,422 155,959 216 6,505
1,986 112,585 500 13,416
1,550 . 113,681 449 11,463! 1,791 126,295 702 - 24,2881,651 76,728 636 15,145)1,988 78.269 832 25,530|1,844 79,800 957 31,709
2,167 114,158 1,005 33,1171,894 82,319 917 23,612
1,677 58,977 860 23,313
1,749 83,763 662 15,170
1,418 72,537 365 8,391
! 1,634 90,5.27 873 29,038)
1,913 89,771 817 21,304)
1,260 59,876 488 15,0261
1,442 56,393 736 20,7281
3,747,00013,551,000 [
417,2301
375,740
270,690
269,187|
243,724|
23(3,898
196,5311
174,5921
159,896|
149,514|
148,2191
140,4131
129.3181
119,9801
110,929
109,999|
108,1251
102,640)
6.18
5.49
4.01
204,960 
164,197 
137,188 
125,650 3.9 
115,88413.6 
101,51813.4 
86,27l|2.9 
84,764)2.5 
81,348)2.3' 
74,907|2.2: 
63,142)2.11 
68,579)2.0: 
55,625|1.9: 
53,93511.7 
55,01711.6 
54,71411.6: 
46,49411.5' 
46,935|1.5:
Statistics from Better Fruit, Hood River, Oregon, Oct., 1911.
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Iowa has stood tenth in apple production among all the states 
of the union in the twelve-year average shown in Table II. It 
will be noted also that the three states of Missouri, Iowa and 
Kansas, which contain large deposits of Missouri loess soil stand 
sixth, tenth, and fourteenth, respectively.
ORCHARD A R E A  IN  M IL L S CO U N TY
Table III gives the number of apple trees in Mills county for 
1909 as 242,466. Estimating the average number of trees per 
acre as 80, the acreage in both commercial and home orchards 
was about 3,000 acres. There was a loss of about 50,000 trees in 
the 10 years preceding, making approximately 625 acres less 
orchards in the county in 1909 than in 1899. Evidently, prac­
tically no new orchards are coming into bearing to take the places 
of those which are being lost. With a total area of 440 square 
miles, or 281,600 acres, Mills county has an orchard acreage only 
a little over one per cent of the whole. But G-lenwood township 
shows an orchard acreage of over 1,000, or nearly 10% of its 
total area. The map, chart I, shows the distribution of prac­
tically all of the commercial orchards over the county.
W H Y MILL COUNTY ORCHARDS WERE PLANTED
Table IV shows that the census of 1860 gave the value of 
Mills county apples as $136. In 1870, it jumped to over $9,000, 
and in 1880 to $10,000, whereas, in 1890 the value was $13,000. 
It has been found rather difficult to get accurate data relative to 
the growth of this industry in the county. In 1875 the Lake­
side Press Company of Chicago published an atlas of Mills coun­
ty in which the following statement was made: “ Apples and 
pears are successfully grown and all small fruits thrive abundant­
ly.”  No data, however, is given as to the extent of the industry. 
In 1881 a history of Mills county mentioned several farmers 
who were fruit growers. These are shown by townships in table 
V. Little definite information was given as to the total number of 
growers in the county at that time or as to the acreage and num­
ber of trees in orchards.
TA B LE  IY . GROWTH OF A PPLE IN D U ST R Y  IN  IO W A  A N D  M ILLS
COU NTY  
(1860 to 1910)
State oi Iowa Mills County
Census
Year
Bearing
Trees
Production
Bushels
Value BearingTrees
Production
Bushels Value
1860
1870
1880
1890
1900
1910
3.640.588
6.869.588 
5,847,034
5,040,352
3,129,862
6,746,688
$1,075,169
1,494,365
2,520,176
1,564,932
3,550,729
128,601
292,733
242,466
226,642
111,690
417,230
$ 136 
9,383 
10,470 
113,321 
55,845 
204,960
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Township 
Center . . . . . .
Eawles .........
Lyons ...........
Silver Creek. 
Malvern . . . . 
White Cloud. 
Indian Creek
Glenwood
Anderson
Saint Mary’s 
Ingraham . . 2
Total 49
Charles Munsinger, a nurseryman of Tabor, was said to have 
a 40-acre fruit farm and one of the most complete nurseries ox 
the west. Other orchards were mentioned as containing 200 to 
800 trees, hut only one man besides Mr. Munsinger is named as 
a fruit grower. Evidently, the industry was not well established 
at the time the history was written. .
The planting date and acreage of 117 orchards m the county 
are shown in table VI, which is based on the reports of growers 
during this survey. The average orchard age is 19 years, in­
dicating that practically no commercial orchards were planted in 
the preceding twenty years. Most of the orchards now in hear­
ing were planted between 1890 and 1893.
B IG  CROPS OF E A R L Y  ORCHARDS AROUSE IN T E R E ST
Judging from interviews with older residents, this unusual 
interest in fruit growing in the early nineties was probably due 
to the exceedingly large crops produced by many of the pioneer 
orchs^ rd-S
A few orchards were planted in the 50 s and early 60 s for. 
family use, ranging from one-half to five or six acres in extent and 
composed largely of untried varieties brought from the east. 
These are all practically extinct. In the early 70’s a few more 
orchards were planted, including some of the commercial varieties 
now grown. Practically all these are gone, although one or two 
still have a few trees. About this time, L. A. Williams, of Glen- 
wood, planted fifty acres and Mr. Pollet, near Malvern, a smaller 
orchard, both of which seem to have yielded heavily. The story 
is told of another of these orchards, planted by I. M. Warren, 
north of Glenwood, that it paid for two large farms comprising 
480 acres, in a few seasons. In those -days there was little 
fruit to the north and east of Mills county and many farmers 
drove long distances and hauled the apples away in wagons. 
Prices were good and the cost of labor low.
With such profits in the business, large numbers of men were 
encouraged'to plant orchards. At that time the destructive in­
sects and fungus diseases had not been introduced, T)ut before 
these young orchards came into bearing, insects and diseases 
were so destructive that the growers lost heart and later planting
dropped off. 7 .
Among the early nurserymen who helped to develop the m-
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5'ig' A i  ®.now or Fameuse apple tree in Mills county, over 50 years old Orchards 
need not decline at the early age at which many are now going out in Mills county.
dustry, Joseph, Cooledge, who operated a nursery in Glenwood 
in the early 60’s, was probably one of the first. A few trees sold 
by Mr. Cooledge were reported as still standing in 1913. In the 
70’s Lemuel Barker had a small nursery near Glen wood. L. A. 
Williams of Glen wood was one of the first to conduct a nursery 
on a large scale, beginning business sometime in the early 70’s. 
In the late 80’s and early 90’s, Ezra Bradford operated a nursery 
business in Glenwood and later A. C. Sabin conducted a small 
nursery. Among the Malvern nurserymen of the early days were 
Walton and Pickett and Bonham and Hammond. In addition 
to these there were several men who did a jobbing business.
The following item from Wallace’s Farmer, Jan. 16, 1903, 
gives further information concerning Mills county orchards:
To W allace’s Farmer:
Glenwood, county seat of Mills county, is in the center o f the greatest 
apple district in Iowa. There are 40 orchards of from 10 to 320 acres 
each, an average of 46 acres, making a total of nearly 2,000 acres in apples.
The leading varieties are Ben Davis, Missouri Pippin, Jonathan, Grimes 
Golden, Winesap, Janet, Fameuse, Roman-stem, Maiden Blush, Wealthy.
The past season Ben Davis and Missouri Pippin brought $1.00 to $1.25 
and Jonathan and Grimes Golden $1.50 to $1.75 per barrel. These were the 
four leading varieties. Wine Saps and Janets, once so popular, were not 
much in evidence during the shipping season.
There were 175 car loads of apples shipped out of Glenwood in the fall
10
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of 1902. I t  is estimated that 100 car loads were hauled out in wagons 
and 50 to 75 car loads left to rot in the orchards for lack of a market or 
help to get the fruit there. Insects were very bad, nearly half the fruit be­
ing unmarketable in some orchards.
A  large part of the crop was barreled in the orchard. . . The apples 
are picked in small baskets holding about one-third of a bushel. Three men 
work together sorting and barreling and 25 barrels is considered a day s 
work.
The apple crop of Mills county in 1902 was estimated at 25 to 50 per cent 
of a full crop. E. Bradford’s Ben Davis and Jonathans made 4  to 10 
bushels per tree in a 12 year old orchard. Mrs. Smith McPherson had seven 
Jonathan trees that yielded 25 barrels and 10-year old Ben Davis that aver­
aged 6 bushels to the tree. Near Malvern a 10-acre orchard 28 years old 
yielded 600 barrels. O.. H . B arnhill .
Page County, Iowa.
TA B LE  Y I . N U M B ER  OP COM MERCIAL ORCHARDS AN D AR EA
P L A N T E D  IN  M IL L S COU NTY, 1883 TO 1912
No. of Area, No. of Area,
Year planted Orchards Acres 8 Year planted Orchards Acres
1 8 83 .............. .................. 1 15 18 92.1 ............... ...............  18 269
1884............... . ..............1 1 7 1893.................... 17-.,, ” 305
1885........... . . .................. 7 120 18 94 .1 ............... ,.  . . .  5 ■ 65
18 86 .............. . m . . . . . .  2 13 1 8 9 5 .................... .  . . .  . . .  5 65
1887............... 2 53 1896................... ...............  6 55
1888........... .. . .................. 5 80 1897................... ..................  2 21
1889............... .....................  4 88 1911................... ___ . . . .  2 13
1890............... ■ .............  10 158 ; - ---- r- ,.. . 1 ^ 5 —B
1891............... .................. 30 620 Total......... ...............  117 1,947
E A R L Y  P L A N T IN G  P A R T L Y  GOOD, B U T M O STLY BAD
Most of the early planting in Mills county was on timber soil, 
and in a few cases on soils which had been farmed for some time 
after clearing. Such sites made ideal orchard land and in many 
cases their natural richness is shown by the excellent growth of 
the trees under neglect. The early methods of management were 
very similar. Most of the orchards were planted to corn or other 
crops and cultivated for a period of three to eight years, and 
then seeded to clover and timothy.
Although these orchards were largely planted on good soil, two 
other factors often prevented good growth and were in part re­
sponsible for the low average yield of the orchards of the county. 
One was the substitution of practically worthless varieties for 
those actually ordered from the nurseries, the other was the 
planting of large numbers of trees of inferior quality. These 
factors may be accounted for by the immense demand for trees 
from 1889 to 1894 all through the middle west. Probably from 
75,000 to 100,000 apple trees were planted in Mills county and 
adjoining territory in a single season during that period. To 
meet this abnormal demand, every available source was drawn 
upon by the nurserymen and tree jobbers.
11
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VARIETIES FOUND IN MILLS COUNTY 
While many varieties of apple trees are found in the county, 
comparatively few are grown commercially. The Jonathan and 
Ben Davis far outnumber any other varieties. In number of 
trees planted, Ben Davis probably leads, while Jonathan is a 
close second. Table VII shows a partial list of the varieties 
grown in Mills county, with the number of orchards reporting 
each variety. This table is not complete but is representative.
TA B L E  V II . V A R IE T IE S  OF A P P LES GROWN IN  M IL L S COUNTY
Variety No. of orchards reporting 
Jonathan .......................................... 62 Variety No. of orchards reporting
Ben Davis..........................
Grimes Golden........................... Westfield ............... ......................  1
Winesap .....................................
Missouri Pippin.........................
Wealthy ...............................
Duchess of Oldenburg............. ............. 17
Northern Spy.............................  1
Early Harvest...........................................1
Romanstem ...........................  1
York Imperial............................
R a lls .....................................
............. 11 Tompkins King.......................................... 1
Yellow Transparent...................
Gano .................................... Plumb C id e r . . . .....................................  1Autumn Strawberry................................. 1
Iowa Blush................................ . . 1
Summer Queen........... ...................... .. . 1
Wagener ................................ 1
Maiden Blush......................
Willow T w ig .........................
Northwestern Greening.............
Walbridge ............. : . . .  .
Rome Bteauty....................... ..
Mammoth Black Twig............. . . . . . . .  2
Dominie .............................
Salome ............................ Red Astrachan. . . . . . . . . . . . . . .  1Delicious ............... .......... ..........  1
Many other varieties are grown in addition to those listed 
above. For example, Minkler is much more common than the 
table V II would indicate. Northwestern G-reening is also found 
in a large percentage of the orchards than is shown. The table, 
however, does show about what was considered valuable for plant­
ing some twenty-five years ago.
Each grower was asked to recommend a list of varieties for 
commercial planting. Table V III shows these recommendations. 
Nearly all name the Jonathan, while some of the other varieties 
were recommended to be planted with it.
TA B LE  V III . SH O W IN G  V A R IE T IE S  RECO M M EN D Ep B Y  M ILLS  
CO U N TY GROWERS
Jonathan ........... , .................... . . . 31
Ben Davis'.........................   . 24
Grimes G o ld e n .......................................14
Duchess of. Oldenburg. .............................13
Wealthy ................................... .. . . . .12
Winesap ............................................... . . .  4
Ralls ........................    4
Yellow Transparent.........................   . . .  3
Gano .................    2
Delicious . . : ................... ........... . . . . . .  2
Willow Twig......... ..................   1
Reynold’s Sweet........... ............................ 1
Benoni ................................... . . . ■............. 1
Black Ben Davis. . . . ... ......................... 1
Missouri Pippin........................................  1
The early varieties — Yellow Transparent, Duchess of Olden­
burg, and Wealthy —  were recommended by some because labor 
conditions are better at the time of year in which they are mar­
keted; also because early ripening puts them on the market be­
fore the second brood of codling moth does its damage. The 
varieties recommended should be a fairly accurate gauge as to 
the proper varieties to plant, but it is believed that were the same 
growers to give their list of recommended varieties after the
12
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Fig. 2. Too thick planting. This 20 year old orchard was tilled, but very little 
light was admitted by its inter-locking tranches. Practically the only fruit set in 
1911 was on the outside and around vacancies where trees had been cut out.
destruction of large numbers of trees by blister canker, Ben 
Davis, and probably Grimes Golden, would go down in the list.
A .SU G G E STIV E  P L A N T IN G  L IST
A suggestive list of varieties for planting in this region is here 
offered: Jonathan should make up the main part of the com- 
merciah orchard, using other varieties as pollinators and also to 
avoid a too short picking season. Providing an early market 
could be assured, Duchess of Oldenburg should be planted. 
Wealthy is profitable but has one fault of ripening unevenly, 
so that the well-colored specimens drop before the later fruits 
are ready for market, thus necessitating two pickings if best re­
sults are to be obtained. Winesap was strongly recommended by 
only a few growers, the main difficulty being that old trees are 
apt to bear small fruits. This could probably be overcome in 
part by thorough pruning, cultivation and thinning. In addi­
tion to these varieties, Stayman, Delicious, and perhaps King 
David, offer possibilities. Providing Missouri Pippin is proper-
13
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1 y thinned and properly pruned, it makes a good filler for the 
young orchard as it comes into bearing early. If care is given, 
it will continue to bear fruit of good size, but in old, neglected 
orchards, Missouri Pippin is too small for profitable marketing.
The western Iowa soil grows Jonathan and Grimes Golden to
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L ch perfection that it would seem desirable to make these two 
Varieties the leading ones in future plantings. Grimes Golden, 
however, has one objectionable feature which makes it undesir­
able to grow on its own roots. In dry seasons the roots evidently 
do not furnish sufficient moisture, so that the tree is weakened. 
If these dry seasons are followed by severe winters, the bark 
will rot away near the surface of the ground, thus killing the 
tree. Numerous specimens of this variety were found to be in 
dying condition. Were the tree top worked on a hardier stock 
hike Hibernal or Virginia crab it is believed this trouble would 
be overcome.
PLANTING PLANS
By far the greater proportion of the Mills county orchards 
were planted on the square plan as shown in fig. 3. A  few were 
planted on the hexagonal system, fig. 4, and some on the quin­
cunx, fig. 5. Some of the orchards were originally planted as 
¡far apart as 36 ft. x 36 ft., but many were planted as close as 
¡16 ft. x 16 ft., 12 ft. x 24 ft., 15 ft. x 30 ft., etc. The average 
j  distance for 1,828 acres was 22 ft. x 22 ft., or 87 trees per acre. 
In all probability the close planting was made with the idea of 
[taking out the trees before they began to crowd, but this has 
been done in only a few instances. It is rare that a man will 
[cut out fillers and unless he has the courage to do so, the plant- 
I ing of permanent trees closer than 33 ft. x 33 ft. is objectionable.
Accurate figures as to yield from plantings at these different 
distances could not be secured, but the health and vigor of the
Fig. 6. Fruit trees need light, air, and moisture. None of these is available in 
abundance to these trees and they are not productive.
15
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trees was quite noticeably better where the trees were given suffi­
cient space for development.
Trees should not be allowed to crowd and thinning should be­
gin before the branches of neighboring trees interlock.
ORCHARD SOIL MANAGEMENT
By referring to table IX, it will be noted that during the past 
ten years only a very small percentage of the orchards have beer 
tilled. Among those listed as tilled, a large number were tilled 
only in part ; only a small area was under clean cultivation. A 
few orchards were growing small fruits between the trees and 
such were listed as clean tilled orchards. With but three or four 
exceptions, the tillage was not what could be called thorough. 
In other portions of the middlewest apple growers consider from 
12 to 18 cultivations per season thorough tillage, but few of these 
orchards would be listed even at the lower limit.
TA B LE  IX . M ETHOD S OF'SO IL M AN A G E M E N T  IN  M ILLS COUNTY
OBCHABDS
1. Sod ................ ..................................
2. Sod Pastured...............................
3. Sod Cut for H ay........................
4. Sod Mulch.............. .........................
5. Manured ......................... .................
6. Partial Tillage..................................
, Total orchards represented, 134.
No. Per Cent of Total
Orchards Orchards Represented
111 82.8
70 52.2
38 28.3
11 8.3
17 12.6
16 11.9
16
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I Timothy and bine grass made up the largest percentage of the 
■grasses in those orchards under sod. Practically all of these 
■were either pastured or the hay was used. Only 11 orchards 
■were under sod mulch culture and from some of these a part
I|of the hay crop was removed and a later cutting of the hay al­lowed to remain on the soil. About 14 orchards were pastured ■  with hogs. In only 16 orchards had any fertilizing been done. 
I  No commercial fertilizers were found to have been used in the 
I  county. The manure has not as a rule been systematically ap- 
I  plied. Small amounts are scattered in the different portions of 
■the orchards at various times during the year.
II  Tables X  and X I give the yields, gross returns and net returns [per acre from these different methods of culture. The small number of orchards represented in these tables is explained by 
the fact that only a few growers kept accurate account of their 
[expense and receipts. No data could be secured for the years 
previous to 1909 from enough orchards to make their listing of 
value.
TABLE X . Y IE L D  IN  BU SH ELS, GROSS INCOM E A N D  N E T  IN ­
COME PER  ACRE U N D ER  D IF F E R E N T  M ETHOD S OF 
SOIL M AN A G E M E N T  IN  M IL L S  COU NTY
Treatment
N
o. 
of
 
O
rc
ha
rd
s
Yield in 
Bushels
N
o.
 o
f 
O
rc
ha
rd
s
Gross
Income
N
o.
 o
f 
O
rc
ha
rd
s
N
et
In
co
m
e
1909 II II
Sod ..................................... 17 165 I1 16 $ 79.73 I! 4 ,$ 60.00
Sod and Manure............... 4 270 1 2 100.00 11 1 166.66
Partial Tillage. . . . . . . . . . 2 198 1  1 50.00 * *Partial Tillage and Manure 2 219 1 1 150.00 1 130.00
Sod Mulch.......................... 2 189 11 2 - 65.34 11 2 68.83 .
1911 1 ¡¡g
Sod ..................................... 29 .137 21 69.91 15 65.56
Sod and Manure............... 5 276 3 96.35 4 104.16
Partial Tillage............. .. . . 2 225 *
Partial Tillage and Manure 3 159 3 117.16 104.90
Sod Mulch.......................... 1 9 i y2 2 37.71 1 34.73
* No reports.
TABLE X I . A VER AG E Y IE L D  I N  BU SH ELS, GROSS INCOM E A N D  
NET INCOM E P ER  ACRE FOR 1909 A N D  1911, U N D ER  D IF ­
FE R E N T SOIL M A N A G E M E N T  IN  M IL L S CO U N TY
Treatment
N
o. 
of
 
O
rc
ha
rd
s
Yield
N
o.
 o
f 
O
rc
ha
rd
s
Gross
Income
N
o.
 o
f 
O
rc
ha
rd
s
Net
Income
Sod .............................. 1 10 162.9 8 $ 72.68 1 2 S $ 86.50
2 330.75 1 *132.50 1 2 140.83
Partial Tillage.........» . I - .2 , 231.75 1 *132.50 1  1 *115.00
Sod Mulch.................... Ì 1 102.75 1 *132.50 §  1 *115.00
* Different treatments represented in the same orchard.
It should be noted also that these tables do not show accurately 
the relative values of the different methods of soil management 
because other factors in orchard management also exert an in-
17
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Fig. 8. These raspberries as an inter-crop paid a good profit. The trees bore good 
crops as indicated by healthy foliage and growth in the dry season of 1911, when 
photo was taken.
fluenee on yields and profits, as for example pruning and early 
care. Moreover, partial tillage; sod mulch and manure in the 
tables may mean that these orchard operations are carried on in 
only a small portion of the orchard. The same orchards are not 
all represented under the heading of yield, gross income and net 
income, hut averages are made of all reports obtainable, which 
in many cases were incomplete for one or more of these items.
P ASTU R IN G
Of the large number of orchards which were pastured quite 
a number had been practically ruined by cattle eating off the 
lower limbs. The stubs permit the entrance of fungous diseases 
which later damage or even kill the trees. The fruit is also in­
jured by cattle and the soil packed by continual tramping. Be­
cause of these results, it is not usually considered a good plan to 
pasture an orchard. However, cattle do less harm than sheep 
which were found in Mills county orchards in only a few cases.
Hogs were found in several orchards, but in only a very few 
had they done a great amount of damage and then only where 
the pasturage was limited or where feeding was done in the or­
chard. itself. One orchard in particular was entirely killed by 
hogs ; it was of small area, giving the hogs very small pasturage, 
grain was fed to them under the trees and water for wallows was 
furnished in the same area. Hogs will rub the trees immediately 
surrounding their feeding grounds or the first few trees near 
their entrance into the orchard and probably kill them.
18
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Horses were pastured in quite a number of orchards during 
the winter time. This does not seem objectionable at first, but 
the damage done in barking trees and eating twigs is not small.
It is often quite a problem with the farm orchard to determine 
whether fruit shall be made the main crop from that portion of 
the farm, or whether the land shall also be utilized for pasturing 
or haying purposes. Visits to a large number of orchards lead 
to the conclusion that it is better to make the fruit crop the 
main object or else entirely remove the trees. Grass will not 
grow to best advantage in the shade and certainly apple trees 
will not produce profitably in sod-bound areas whether pasturing 
is resorted to or not. Some growers disagree with this view. 
One stock farmer who had planted an orchard to give his hogs 
shade and falling fruits also sold what apples he could and 
claimed that he had found the combination profitable. He said 
he would not consider the plan of an orchard for the fruit alone.
PRUNING PRACTICES IN MILLS COUNTY
Several well-pruned orchards were found in the county.  ^ Most 
of the growers who had trained their trees from the beginning
Pig. 9. Some of the reasons why Mills county orchards have declined. Note the 
locust tree growing through the branches of the apple tree.
19
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in color and a m U t o f  ^  1 0 ^ ^ ”  H  B l  differenCe
ha(J adopted a modification of both the open head, or vase form 
and the central leader systems of pruning. The trees were usual­
ly headed from 24 to 42 inches from the ground and then low 
training followed. Thick planting, with its resulting shading, 
caused many of these trees to shed their lower branches, throw­
ing the fruiting head higher.
The mallet and chisel were found to be used to a large extent 
through portions of the county. Good pruning saws were not 
uncommon. The use: of the axe was too common though none of 
tne commercial growers were using it.
• H H H H  nc° pruning of any kind is practiced as table X II 
indicates.  ^ A  few growers objected to the operation in any form 
citing various damages that had resulted from pruning. Some­
times it was difficult to find any other apparent explanation of 
the damage to productiveness which these men asserted had re­
sulted from priming.
A  few men, either new owners or renters, had undertaken to 
renovate old orchards by pruning. Some had promising pros­
pects from this work. *
When orchards were pruned at all, most of them were pruned 
by the removal of dead limbs and a part of the water sprout
20
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growth. Sometimes a large limb would be removed to open up 
the tree to the light, hut very seldom was any effort made to 
thin systematically the outer smaller twigs and branches. Table 
XII attempts to classify the frequency of pruning as given by 
110 orchard men.
H O W  O FTE N  110 ORCHARD M EN  
TREES IN  M IL L S COU NTY
TABLE X I I .
Pruned
Annually .................................................... . .  . ........... ..
Not Pruned Annually . ..........................................,................
Each 2nd year...................................................................
Each 3rd year. ..................... ................. ..
Each 5th year. .................................. ' . . . . . ..................‘
At indefinite periods.................................................................
No pruning....................................................... ........................
TABLE X I I I .  Y IE L D  IN  B U SH E LS P E R  ACRE U N D E R  VAR IO U S
PRUNE TH E IR
Orchards Percentage
21 19
89 80.6
6 5, 4
7 6.3
3 2,7
31 28.1
42 38.1
1909 1911 1909 and 1911
Pruned
N
o.
 o
f 
O
rc
ha
rd
s
Yield
N
o.
 o
f 
O
rc
ha
rd
s
Yield
N
o.
 o
f 
O
rc
ha
rd
s
Av
er
ag
e 
1 Y
ie
ld
8 240 10 233 3 340
20 108.9 28 : 137 11 142.5
2 106 3 120 2 75
3 131 3 161 2 102_ |
1 105 2 199 1195 120 7 129 3
No pruning................................ • 9 163 1 13 156 4 169
TABLE X IV . GROSS INCOM E P ER  ACRE U N D E R  D IF F E R E N T  
M ETH OD S OF P R U N IN G  IN  M ILLS CO U N TY ORCHARDS
Pruned
Gross
Income
15
2
3
4 
6
| 92.55
70.87 
47.61 
75.83
53.60 
87.66
Annually .................
Not pruned annually 
Each 2nd year..
Each 3rd year. .
Each 5th year. .
At indefinite periods
No pruning.............  ........................................
TABLE X V . N E T  INCOM E PER ACRE U N D ER  D IF F E R E N T  M E T H ­
ODS OF P R U N IN G  IN  M IL L S CO U N TY ORCHARDS
o JS • oO i*iz; O 
5
22
2
3
1
5
11
Gross
Income
119.20
64.68
66.60
86.53
100.00
69.04
53.18
1909 and 1911
tfi
iz O
o _
t* a i* 3¡5 M
112.40
66.58
56.60
78.65
61.25
72.50
Pruned
Net
Income
Annually . . . . . . . . .
Not pruned annually 
Each 2nd year. . 
Each 3rd year. . 
Each 5th y ear . . . .
At indefinite periods 
No pruning.............
128.89
54.16
66.66
50.00
6
16 1 • 
3 1
5
6
Net
Income
126.64
54.91
69.00 
40.19
83.00 
59.28 
51.61
1909 and 1911
o ^ -
5 O 
3 
1
<i <i !z
127.88
71.00
71.00
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Tables'XIII, XIV , and X V  give the yields and incomes under 
these different systems of pruning. It should be understood, 
however, that pruning alone did not make the differences in­
dicated. The orchard operator who prunes annually in all prob­
ability also practices other methods that exert a marked influ­
ence on his yield. Some of the orchards listed as pruned less 
often than annually had been pruned one or two years previously 
and this doubtless helped to make their showing higher.
It is unfortunate that the data secured is meagre. Results 
secured in so small a number of orchards are not conclusive evi­
dence upon any point in question. But they are all that could 
be secured and are presented as an indication of the comparative 
value of pruning annually and less often. Here, as in other 
tables showing yields and incomes, the data tabulated under the 
different headings do not represent the same orchards. In some 
cases only the yield was given, in others only gross income and 
in others only the net income.
COST OF PR U N IN G
The cost of pruning as reported by these growers varied from 
3 to 20 cents per tree. Very few had kept accurate figures as 
to orchard costs, doing the work at seasons when they were not 
busy at other things and often working only a few hours at a 
time._ The average cost as reported by these growers was ap­
proximately 10 cents per tree. One grower in renovating a twen­
ty-year-old orchard gave his cost as 15 to 20 cents per tree. The 
orchard had not been pruned before for several years. Another 
grower, in the case of an orchard of about the same age, gave his 
cost as 10 cents per tree. Those who made annual pruning a 
practice gave their costs at from 3 to 6 cents per tree. There are 
many old orchards that would cost 30 to 50 cents per tree to put 
into profitable bearing.
SPRAYING PRACTICES IN MILLS COUNTY
Spraying is not generally practiced in Mills county as table 
X V I very clearly shows. There are several reasons for this. 
One is that there have been so few examples of well sprayed or­
chards for comparison with unsprayed orchards. Many growers 
claimed better fruit, freer from worms, where they did not spray, 
than neighbors secured by spraying. The crop of 1911 was 
free from worm injury, due in a large measure to the freeze of 
1910 killing the fruit, and this led some to the conclusion that 
spraying would not be needed for several years, if at all. Other 
growers maintained that pasturing with sheep or hogs would 
control the worms. Several based their hopes upon pruning and 
cultivation for control methods.
22
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Fig. 11 Winesap tree 20 years old, before pruning. Fig. 12. Same tree after pruning. It was systematically thinned throughout its top. No large limbs were removed.
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TA B L E  X V I . N U M BER OF SPR AYED  ORCHARDS A N D  T Y P E  OF 
SPR AYER  USED IN  EACH  IN  1911
Hand power barrel pumps..................................................  r
Gasoline power machines..................................................................................... .................. ?Dust Machines. . . ; . . ........... • • • • ...........................• •..................... .. 1;• ....  , . 5
Total . . ...................... .. 77
Not sprayed.................................. \ ......... ' ........
There were some hand-power and traction machines in the 
county that were not used in 1911.
| The growers who had used sprayers were unanimous in agree­
ing to their value, although one or two who had tried them, had 
but poor results. Many growers who did not care to go to the 
trouble of spraying in their own orchards were of the opinion 
that to make orcharding a success spraying would have to be 
adopted. Others questioned the value of spraying, and a few 
objected to the use of poisons in their pastures.
T A B L E  X V II . GROSS INCOM E FROM SPR AYED  AN D  U N SPR AYED  
_________________ ORCHARDS IN  M ILLS CO U N TY IN  1909
Sprayed 
Not Sprayed.
No. of Orchards Income per Acre
. 2 
20
$111.36
77.89
T A B L E  X V III . Y IE L D , GROSS, A N D  N E T  INCOM ES P ER  ACRE IN  
SPR A YED  AN D  U N SP R A YE D  ORCHARDS IN
Yield Gross' Income Net Income
No. of 
Orchards Bushels
No. of 
Orchards Income
Orchards 
No. of Income
Sprayed .. . 
Not sprayed
4
33
198 1 
172 1
4
22
$107.70 | 
64.10 1
4
17
$88.77
71.24
The orchards reported in tables X V II and X V III were either 
sprayed with hand-power liquid machines or dust sprayers. No 
comparison of these with power sprayers could be secured. The 
number of orchards represented is too small to be more than in­
dicative of the value of spraying. The crop of 1911 was free
mj.ul7 ’ due to otiler factors as has. been suggested, so 
that this year indicates the value of spraying only in holding the 
ullage on the tree. As in other tables, the men who spray are 
the men who take the best care of their trees so that the results 
above indicated are not all due to spraying.
. 0ne the serious drawbacks to the generai adoption of spray­
ing, m the thickly planted region northwest of Glenwood, is the 
lack of a good water supply. Deep wells are necessary for a 
large flow of water. One grower with a traction sprayer did not 
have enough water for his stock and could not spray. The build-
m m  EBS 0r ca c^^ basins in some of the numerous watersheds 
of the region would overcome this difficulty.
24
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Fig. 13. Apple blotch on North Western Greening. Natural size.
273
DISEASES IN MILLS COUNTY ORCHARDS
A PPLE SCAB
Both the seasons of 1911 and 1912, when the orchards were 
visited, were comparatively dry so that none of the usual fungus 
troubles were prevalent. Apple scab was most prevalent but not 
in quantities to do very much damage.
A PP LE  BLOTCH
In addition to the scab, the apple blotch was found in a few 
orchards during the fall of 1912. This disease was found on 
only a comparatively few varieties. The Northwestern Green­
ing is by far the most susceptible to blotch of any varieties grown 
in Mills County, but while it is commonly planted in small quan­
tities in the orchards of the county, it is not a variety of com­
mercial importance. In addition to1 the Northwestern Greening, 
the blotch was found on the MinMer, the Ben Davis and the 
Fameuse or Snow. Except on Northwestern Greening the dam­
age from the disease was very slight.
The blotch is easily recognized because of the characteristic 
marking on the fruit. Fig. 13 shows how this disease affects 
young apples. Later it spreads and different blotches unite and
25
Greene: An apple orchard survey of Mills county
Published by Iowa State University Digital Repository, 1914
274
cause the skin to crack, ruining the salability of the fruit hut 
apparently not injuring its keeping qualities. Unless some other 
fungus follows blotch, the affected tissue does not extend below 
the surface.
The blotch can be fairly well controlled by applying Bordeaux 
mixture. First applications should be made about three weeks 
alter the blossoms fall or at the usual time o f applying the third 
spraying. In badly diseased orchards the spraying should be 
continued at intervals of two or three weeks apart until late sum- 
however, an application of Bordeaux mixture at the time 
indicated and another from July 15th to July 20th, when the 
sp.f1ayJ^ 01' |§1 second brood of codling moth is usually applied, 
will effectually control the disease unless it is more severe than 
the records of past seasons show.
This disease is carried over winter in cankers on small twigs 
these cankers do not injure the tree to any noticeable extent, as 
they heal over the following summer. The blotch may be found 
on the foliage also where it does some damage. Except in the 
case of a very few varieties, little concern need be given this 
trouble m Iowa unless it proves more prevalent than present 
conditions would indicate.
B L IST E R  CAN K ER
Of the cankers which are prevalent in the county, the Illinois 
or blister canker is by far the most destructive. Descriptions 
and treatment for this disease are given by Beach in bulletin no.
and by Pammel m bulletin no. 131, Iowa Agricultural Ex­
periment station. This disease was found in a limited number 
of cases m the summer of 1911, but had done a comparatively 
small amount of damage so far as the utter destruction of the 
trees was concerned. In the summer of 1912, literally thousands 
o trees as well as a great many entire orchards were practically 
destroyed by this trouble. As pointed out in the bulletins re- 
terred to weather conditions, heavy cropping, and other factors 
prior to the season of 1912 were the contributing causes to the 
destructiveness of the disease. It was present in the county 
prior to 1912 but conditions favorable to the spread and destruc­
tiveness were not present until 1912.
B L IST E R  CA N K E R  CONTROL
With very few exceptions, the affected old orchards, composed 
largely of Ben Davis trees, are beyond recovery. Where the 
orchard is made up of disease resistant varieties a great deal can 
be done toward eradicating the disease. In attempting to stamp 
out the trouble, it will be well first to take out all trees in which 
the disease has entered the body of the tree, providing it is not 
localized m a small area. Where possible to do so, it will be 
much better to remove any cankered limbs, making the cut at
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Fig. 14. Blister canker on apple in different stages of development.
some distance below the diseased area as the disease penetrates 
the wood for some length. After this, the remaining trees which 
are affected should have all cankers carefully cut out, cutting 
Well back into the live tissue. These wounds should be carefully 
scraped and treated with some disinfectant like corrosive sub­
limate, which is best, and then covered with some good covering, 
white lead and linseed oil being the most easily obtainable.
If the wounds are very large they may be covered with cement. 
In applying the cement it is best to drive nails closely together 
part way into the wood so that the cement will adhere to the
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tree. The cement should be mixed with a comparatively small 
amount of clean sharp sand, not more than one part of cement 
and two parts of sand.
One of the best coverings for these wounds is asphaltum paint.
An objection to its use is that it needs to be kept above the melt­
ing point when applied. A small stove may he carried about to 
keep the material warm while it is applied. Care should he 
taken to avoid asphaltum paints which can be applied without 
heating. These are usually dissolved in kerosene, gasoline or 
other solvents, all of which are detrimental to the trees. There 
are several prepared paints on the market which are said to be 
non-injurious. These have not been thoroughly tested by the ex­
periment station and no recommendations are given at this time.
It has not been determined just how effective the above treat­
ment will he in controlling blister canker. Providing weather 
conditions are favorable, i. e., an abundance of moisture avail­
able, the disease should be easily controlled, but in very dry sea­
sons when the wood is deficient in moisture it is doubtful whether 
any methods of treatment will be effective.
B L IST E R  CA N K E R  DOES NOT A F FE C T ATT, V A R IE T IE S
One encouraging fact in regard to this disease is that it is not 
destructive to Jonathan, Winesap and some of the less important 
varieties grown in the county.
In a great many of these old orchards are found trees with hol­
low trunks. In most cases, they are in small orchards and are 
principally valuable for the home supply of fruit. These trees 
can be preserved for many years, providing the rotten wood is 
all carefully cut away and the hollow places filled with cement.
It is necessary, however, to apply the cement to perfectly healthy 
wood, and after all the decaying tissue is cut out the wound 
should be disinfected. It will probably be necessary to use some 
re-enforcing, like heavy nails and wires, in large hollow spaces.
In a great many cases trees were not carefully pruned at the 
time they were set out, causing bad forks to form which split I 
down readily under heavy loads of fruit or in high winds. Such 
trees should be protected by inserting either screw eyes into limbs 
on opposite sides of the trees and connecting them with heavy 
wires or else a long bolt put through opposite limbs. The screw 
eyes are preferable.
The question was often asked by growers as to the value of 
scraping the bark. This practice certainly is not injurious and 
providing the orchard is small and there is sufficient time and la­
bor it will, doubtless, be of benefit but the commercial orchardist 
does not have the time .for this work. Were the orchard thor­
oughly sprayed and the fungicide thoroughly applied to the parts 
of the trunks it would accomplish, practically as much as the 
scraping. The loose bark does offer opportunity for hiding
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places for insects and also a place for the growth of injurious 
diseases. Scraping and thorough spraying will help to pre­
vent loss from these causes.
A PP LE  BLIG H T, PIK E B LIG H T, OR P E A R  B LIG H T
This disease usually starts on the small twigs in wet seasons 
and kills them back, making them look as though they had been 
burned. It is caused by bacteria which work in the grow­
ing tissue just between the outer bark and the wood. Spraying 
is not effective in its control for it cannot be reached by any spray 
not injurious to the tree. The only effective remedy known to 
date is to cut the affected twigs and burn them. The cut should 
be made well below any diseased bark in order to be sure to get 
all the germs. All cut surfaces should be disinfected with cor­
rosive sublimate solution, one part of corrosive sublimate to one 
thousand parts of water. The tools Which are used for the cut­
ting should also be disinfected, to prevent carrying the disease 
from one tree to another. A  cloth soaked in kerosene will suffice 
for this work.
To make this method successful the orchard should be gone 
over at least once a week and all affected twigs cut out. If large 
branches are diseased, the same treatment should be applied. If 
cankers have been formed on the trunk or branches, they should 
be cut out and treated as recommended for blister canker.
Varieties which are notably susceptable to this disease should 
not be planted and where already present in the orchard should 
be removed.
INSECTS
CODLING M OTH
The codling moth or apple worm was found in very few in­
stances during the summer of 1911 because of the complete loss 
of fruit during the spring of 1910, owing to a severe freeze in 
April. Consequently, there was no food for the young worms 
to live upon. During the summer of 1912, however, there were 
apparently as many worms as would be found in any normal 
year. Many orchards were so badly infested that it did not pay 
to try to grade the fruit. This insect can be very satisfactorily 
controlled by following the directions given by Beach in bulletin 
No. 127, Iowa Agricultural Experiment Station.
C A N K E R  W ORM
The most destructive insect found from the standpoint of the 
lives of the trees was the canker worm. This insect had proven 
quite destructive to many orchards in the county at intervals for 
several years. In many cases during the summer of 1912 there 
was practically no foliage left in whole orchards by the middle of
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June. It seems hardly conceivable that a valuable orchard should 
he allowed to be defoliated by an insect so easily controlled as is 
the canker worm.
The most important spraying for this insect is done just be­
fore the blossoms open at the time that the first spraying for scab 
is applied. In one orchard the scab spray was omitted and the 
insects were quite numerous and were doing considerable damage 
by the time the blossoms had fallen so that the calyx spray, or 
the spray for codling moth, was too late to control the canker 
worms. Lead arsenate at the rate of 3 lbs. to 50 gallons is used.
Unless spraying is adopted by those orchard men who have al­
lowed their trees to be defoliated for one or more years the prob­
abilities are that future infestations will completely destroy these 
orchards already weakened by the loss of foliage. The early 
spring foliage is produced from plant food which has been stored 
the previous summer in the woody tissues of the tree. This early 
spring foliage is necessary for the manufacture and digestion of 
plant food for the summer growth of the tree. When this fact 
is considered it is easily understood why the loss of foliage from 
any cause is so destructive.
A PP LE  L E A P  SK E L E T O N IZ E S
The apple leaf skeletonizer was found in a few orchards but its 
damage was comparatively slight as the trees had been sprayed 
so that only the young growth at the ends of the twigs was lost. 
I f  spraying for codling moth or canker worms is systematically 
followed, no damage should result from this insect.
A P P L E  A N D  P LU M  CURCULIOS
While these two insects were found in a large percentage of 
the orchards, in only a few had they done serious damage. The 
insects differ in their feeding habits and the injury is somewhat 
different, but the resulting gnarled, knotty apples are very sim­
ilar and the same spraying methods will help to control both. 
As these insects have been reported in large numbers from south­
western Iowa, caution is needed on the part of the growers to 
prevent serious damage to future crops.
The adult curculio beetles begin to feed and deposit eggs soon 
after the apples are formed and will continue for a period of 
from. 60 to 65 days. Just as the blossoms fall a spraying should 
be given. This is the same time as the usual codling moth spray. 
Following this another spray should be applied in about ten days, 
and following this still another ten days later, or twenty days af­
ter the blossoms fall. It is claimed that these two later sprays 
will control the insect to the extent of securing an 80% to 85% 
curculio free crop. Arsenate of lead 3 pounds to 50 gallons of 
water should be used for all these sprays.
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HARVESTING METHODS IN MILLS COUNTY
The usual Mills county method of selling is what is known as 
“ selling on the packing table.”  The grower picks the fruit, 
places it on the packing table and then usually hauls the barrels 
to market after they are packed by the buyer. Picking is us­
ually paid for by the day, but sometimes by the bushel. The us­
ual price per bushel is 4 or 5 cents. The cost of picking by the 
day as given by several growers varies from 3 to 10 cents per 
bushel. The average was about 6 cents. The pickers usually 
prefer to pick by the bushel and this is usually cheaper for the 
grower. Many growers object to paying by the bushel as they 
claim pickers are not so careful and bruising of the fruit due to 
hurried work more than offsets the saving on picking costs. Where 
picking was paid for by the bushel, careful checking of the pick­
ers was necessary to prevent their hurrying and injuring the 
fruit. Some growers measure with barrels, giving each picker 
one to place his fruit in. This necessitates an extra handling of 
the fruit which is objectionable. Another method is to weigh 
each sack or picking basket. This involves considerable extra 
work but is perhaps the most accurate. The method preferred 
by most growers is to allow so much for each full picking sack 
or basket brought in and to punch the pickers ticket therefor. 
This is perhaps the cheapest method and one of the barrel pack­
ers can handle the punch.
The. cost of packing per barrel varies from 15 to 37 cents, as 
reported by a large number of growers and buyers. The aver­
age cost per barrel is very nearly 25 cents. The average cost to 
the grower is approximately 18 cents while the cost to the buyer 
is probably greater, because the overhead charges, including 
travel and board, are higher. It is probably true also that the 
buyer keeps a more accurate account of costs than did most grow­
ers.
The cost of hauling from each farm varies of course according 
to distance and roads. To reduce these various estimates to a 
common basis they are figured at so much per barrel per mile. 
They range from 0.8 cent to 5 cents per barrel per mile and an 
average of all reports is 2.2 cents per barrel per mile.
The following table is given as suggestive of the cost of pick­
ing, packing and hauling each barrel when the distance from the 
railroad siding is 5 miles.
TABLE X I X .
Picking . . . . . .
Packing . . . . . .
Hauling . . . . . .
COST OF H A R V E ST IN G  A N D  M A R K E T IN G  P ER  B A R ­
REL IN  M IL L S COU NTY
18 cts.
18 cts. to 25 cts. 
11 cts.
Total cost 
Cost of barrel.
47 cts. to 54 cts. 
35 cts. to 40 cts.
Grand total 82 ctn. to 94 cts.
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It would be interesting to know what the growing cost is, but 
there are no figures sufficiently accurate to base a report upon.
MARKETING
Several methods of marketing are used in Mills county, but far 
the greater number of farmers sell their fruit direct to the buy­
ers. These buyers may be representatives of commission firms 
from the larger distributing centers or they may be speculators 
who buy at the cheapest possible price regardless of market con­
ditions. There are a few farmers who grade and pack their own 
apples but these are in the minority.
Most of the fruit is sold on the packing table and is graded, 
and packed by the buyer. In a great many cases it is purchased 
on the trees or in the ‘ ‘ lump, ’ ’ as it is called. Many stories are 
told of the prices paid for the orchard “ lumped”  and of the im­
mense amount of money made by the buyers. Some of these are 
doubtless true, as the grower is not as well able to estimate his 
crop as is the man who makes that his business.
Another common method of selling the fruit is by the hundred 
weight, the prevailing prices being from 60c to $1.05 per hun­
dred. Of those who have sold this way a few like it because, as 
they say, they can get rid of the fruit, orchard run, and have no 
fear of the grade which the buyer will demand.
Large quantities of bulk apples are sold from Mills county. 
No estimate of the number of cars could be obtained, but it is 
large. In one instance, two men were seen loading apples with 
scoop shovels from opposite sides of the car. Such methods cer­
tainly are not to be recommended if a great amount of money is 
to be made.
TH E PAC K A G E S USED
The barrel is the usual package. In some cases, with the early 
apples, baskets are used, but in a very limited way. The apple 
box has been used to a very limited extent and then only for very 
fancy apples, which were not carefully graded and tier packed. 
This offers no opportunity for comparison of the box and barrel 
as economical packages. It is certainly true that unless the or­
chards are more carefully handled and a larger percentage of the 
fruit produced free from worm and insect injury, the bulk car 
and barrel will continue to be the general packages for market­
ing.
TH E M AR K E TS
This fruit is shipped to many different sections. Large quan­
tities of it are sold in Minneapolis, Sioux City, Omaha, St. Joseph 
and Kansas City, or at least to the jobbers or commission houses 
of these cities. But a very small percentage of the fruit goes 
east of the Mississippi river, partly because of prohibitive freight 
rates and partly because of the competition from Illinois, Mich-
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iga.n and states farther east. Large quantities of the hulk stock 
is shipped into western Nebraska and the Dakotas.
The average price per barrel paid by the dealers in 1911 was 
$1.76; the range was from $1.25 to $2.50. This is believed to he 
about the average price received by the growers.
It is an interesting feature of the marketing situation in this 
county that a large number of buyers now flock to this district 
each year. In past years, when the production was smaller, 
there was no market for the fruit unless it was hauled to Omaha 
or sold on commission. Consequently, many orchardists made no 
attempt to sell their fruit and it rotted under the trees or was 
made into cider. At present, there is often a keen bidding on 
the part of buyers for the fruit, thus making a very ready mar­
ket for anything that is merchantable. This emphasizes the de­
sirability of a large production of fruit in a community where it 
is raised commercially. Buyers will go where there is a large 
supply as they can handle large quantities cheaper than smaller 
ones and can also reduce the overhead cost of travel and clerical 
help.
LABO R
The labor situation in parts of Mills county, is a very serious 
draw-back to commercial apple orcharding. Where the orchards 
are scattered and distant from centers of population, it is almost 
impossible to get sufficient help to market the crops before freez­
ing weather arrives. This has been an important factor in the 
development of present Mills county marketing methods. The 
buyers and packers with large quantities of fruit to take care of, 
can offer work over a longer period, and secure labor to better ad­
vantage than the man who has a comparatively small amount of 
fruit to harvest. If an organized effort were made on the part 
of the growers to get labor from outside districts, better results 
could be obtained.
BY-PRODUCTS
Although there is an immense amount of cull stock and poorer 
grades of fruit in Mills county, there has been but small at­
tempt on the part of the growers or buyers to make use of the 
by-products. One factory was equipped several years ago for 
making apple butter and apple cider. The apple butter was re­
ported not to have been profitable, but apple cider is still made 
in large quantities. This mill, however, is not located in the cen­
ter of the apple district. Splendid opportunity is offered in the 
cities of Glenwood and Malern for the manufacture of apple by- 
products and a trade in fancy cider, cider vinegar and canned 
apples should prove profitable.
M A R K E T IN G  O R G AN IZATIO N S
Mills county growers are not organized to sell their crops. An 
attempt was made toward organization a few years ago, but for
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various reasons it failed. It is easily seen that during each apple 
year the growers are losing large sums of money that could he 
kept in the community by the organization of a fruit growers’ 
association for buying packages and handling the orchard output.
It is estimated that during 1909 and 1911 over 1100 cars of fruit 
were shipped out of Mills county. Estimating these apples to he 
worth 50c a bushel on the average, this would mean a total of 
$275,000.00 worth of business for the two years. A  very small 
percentage of this would have paid the operating expenses of an 
association and a large percentage of the profits which went to 
the dealers who handled this material could have been kept in 
Mills county. While some growers have no difficulty in handling 
their crops on a satisfactory basis, there are a good many in the 
county to whom such an association would mean good protection 
against the unscrupulous methods employed by a few buyers. 
Such an organization would help to put the apple business on a 
paying basis and encourage more up-to-date methods of orchard 
management.
TENANCY
The reports of the orchards visited show that of 128 orchards,
98, or 76.5 per cent, were operated by the owners, and 30, or 23.5 
per cent, were operated by tenants. In some cases the tenants 
were operating the orchard under the direction of the owner. No 
reliable comparisons could be made between the profits obtained 
under these two systems. As a rule the orchard is rented to­
gether with the other farm land on the usual plans of rental, 
either cash or share basis. In only one instance was an orchard 
rented without the farm land. In this case the owner paid the 
tenant a per centage of the crop for looking after it and for his 
labor. No instances were given where the orchard was rented 
with the express purpose of making that the principal farm op­
eration.
One theory advanced by residents of the county to account for 
the lack of interest in orcharding as a business was that the gen­
eral farming of the county was largely carried on by renters. It 
is usually'conceded that such conditions do not encourage the de­
velopment of profitable orcharding. The percentage of owned 
versus leased farms was not worked out in this survey, but from 
reports received it is believed to be high.
SIZE OF FARM S ANT) ORCHARDS V ISIT E D
The size of the farm and the orchard area planted thereon was 
secured in 91 cases. Among these, the average size of the farm 
was 102 acres, with an average planting of apples of 17 acres. 
The average orchardist in Mills county, therefor, had 85 acres of I 
farm land to care for and 17 acres of orchard. The percentage 
is not in favor of good orcharding. Farm crops demand atten-
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tion when the orchard is in need of care. Unless the farmer is 
more interested in his apple crop than in his grain and hay crops 
the orchard will suffer. It is believed that this interest m gram 
and stock farming is largely responsible for the condition ot so 
many orchards in the county. Diversification of farm crops is 
desirable and orcharding should not be the only crop grown on 
the average farm. But unless the orchard is of primary im­
portance in the mind of the operator it is doubtful if it can be 
made to pay the largest profits. I f grain farming is ranked first, 
then the orchard is apt to be found a disappointment.
ORCHARD VS. FARM CROPS PROFITS
Each man growing an orchard was asked whether he consid­
ered the orchard more profitable than farm crops. AboutJ % 
expressed their opinion that the orchard paid better, borne 
qualified the remark with the statement that the orchard would 
need more care than was common in the county to make it pay. 
About 30% were of the opinion that farm crops would pay better 
in any case. Some of the reasons as stated by the grower are
given below. „ :J
The orchard was said to pay best for the following reasons:
“ The profits were greater with less labor.”  , ,
“ Ground could be used for other purposes such as pasture, hay and
crops.”
“  The crops are assured under proper care.
“ The orchard will pay best two to one.”  M
“ Hills that are too steep for farming will pay good interest on invest­
ment when set to apple trees.”
“ The orchard has paid better even under neglect. 1 . . ,,
“ Orchard will pay better even though only one crop is secured m three
or four "vo&rs ^
“ Pays better now, but if  handled as the western orchards, would pay
ten times as much as they do now.”  , ,
“ Profits are assured where the growers spray and smudge.
\ \ Pays better on overflow land. ”  ' ,  H R  H H f l
“ Ten acres of orchard will pay greater profit than forty acres of corn. 
“ The orchard will pay better if  given the care that is given to stock and 
grain. ”
The farm crops were said to pay better than the orchard for
the following reasons:
‘ ‘ The orchard crops are too uncertain. ’ ’
“ The markets are too uncertain.”  .y
“ When there is a large crop of apples the prices are too low.
“ The orchards require too much care, but if  cared for would pay better.
‘ ‘ Orchards were not cared for in their youth. ’ ’
“ Too far from local markets.”
1 ‘ Too far from a good wholesale market.
* ‘ Late spring frosts and freezes, climatic conditions. ^
I ‘ Unless smudged as protection against freezes, orchards would not pay. 
“ A lfalfa  will grow on dryest hills and pay better than orchards.
“ Poor nursery trees.”  . , ,
* ‘ Poor varieties of apples not adapted to that region.
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‘ ‘ Land too valuable for corn. ’ ’
< i ^ e S  business can be handled easier elsewhere ”  
lhe labor supply is too uncertain. t ’
WHAT TO DO WITH OLD ORCHARDS
Almost without exception the orchards of Mills county are 
badiy run-down. Only a small percentage are more or less well 
J 5 eSe ?rchards have not Paid. Is it because they
condiHnr/b r b chance to Pay? Possibly if soil and climatic 
conditions had been less favorable, they would have died long
jS39 I s it  not surprising that many of them are alive, to say 
nothing of bearing profitable crops? However, many of these run 
erops °rC ar S’ || glven a tair  chance, w ill yet produce profitable
S S l  bUt I B i p * there is one tree F  several thou-sand m these orchards. They should be made to pay or be re-
oved and the ground put to other uses. Many f  armers have, al­
ready tired of the unsightly old trees and have removed them 
They should be commended for this if they are not going to give 
them a chance to produce profitable crops.
The most probable reasons for this decline in orchards are a 
tP ^ f  ei^°+b-e £ropeip meth°ds of management and a lack of in-
the rrmintv H °Î ag>r!cupure- The principal industries in 
■ ■  small gram and stock farming. The orchards 
e e set out at a time when orchard planting was popular hut 
the trees failed to produce for a few years and the growers he-
business. I f a few orchards could be
Z t  rte Old O ISli I Hiis altogether probable that the old popularity would he revived. Greater diversifica-
chards r "  ™ der Posent conditions and or-
are p ro p S y  handfed”  7 ^  ^  ^  inCOme “
lb 11 ' w f ’impossible to make orchards bear profitable crops even 
though they are m a badly run-down condition. Many accounts 
have been written m recent years of successful orchard renova-
1 l b ’ fl°r+ rej uv®natl°n as has been called, and some of these read 
like fiction In all probability most of them are true, however 
for these old trees that have lived and thrived under neglect will 
well repay all careful work that is put upon them.
ORCHARD RENOVATION
r p i t T 68?  naturally arises as to what orchards it will pay to 
renovate Several considerations must be taken into account be-
apple o rctod . r I  ^  pay t0 Care for the B  ™n-d°wn
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Of most importance is the attitude of the man who plans to 
care for the orchard. I f he attempts this renovation as an im­
mediate means of increasing his income and 
care for the trees after the initial work is completed, he will un 
doubtedly fail at it. It will in most instances require two or 
three years to put the orchard in condition to pay miore than 
expenses, although many orchards have paid profits at once. Bu 
the care that follows the thinning out and pruning of the trees 
Îs of so much importance that nothing short of a determination 
to give persistent attention to the old orchard year after year 
will make it profitable to commence the work. Usually the: own­
er who has not taken care of the trees m the past will not care 
for them in the future. Therefore, the greatest 
open to the new owners and the younger men who have a liking 
for fruit growing and will give the trees the attention they need. 
However, if the present owner can bring himself to believe thor 
oiighly in his orchard and give it the same care and attent o 
that he does stock and grain farming, he can make a profit from 
the orchard.
W H E N  R E N O V A T IO N  P A Y S
If there is a 50 per cent stand of trees in good healthy eondi- 
tion and if there is a small percentage in H f l f l  that e™ 11 
brought back into bearing by pruning and by the removal of
disease, it will pay to undertake the work MPH H E 9 
Most of the Mills county orchards were planted far t o . thick^, 
and 75% to 80% of a good stand may be found M M H M M  
ber of them. Where thinning is necessaiy,
the vacancies will tend to reduce the cost. But it there snou _ 
be less than 50% of a stand after all thinning is completed, it 
would pay better to start with a new planting. I
As none of the commercial orchards m Mills county is over 25 
or 30 years of age, they are not too old to renovate.
W H E N  R E N O V A T IO N  DOES NOT P A Y  
When trees have been repeatedly defoliated by the canker 
worms as in some parts of the county, they lack m vigor and 
health’and it is a question whether they can be successfully in­
vigorated and made profitable. I f ,  however, M B M  
ing satisfactorily from this loss of leaf surface, then the work 
mav he undertaken with promise of success. . §
it  wifi not pay to work with trees in the commercial orchard 
if there is a large mixture of worthless varieties. 
is for home use a large number of varieties will not he objection­
able H -^yare^ ones. I f -the orchard is for commercial pur­
poses it will not pay to work with fruit that does not sell readi y 
on thé market. Too large a percentage of H H H H | * b e  
avoided unless a good market can be provided. The ideal com
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mercial orchard comprises not more than three or four standard 
varieties, one summer, one fall, one medium late, and one late 
winter variety. This is the ideal plan, and the commercial or- 
chardist, whether working with a young orchard or working with 
an old run-down orchard, should labor to this end. I f there are 
a comparatively few trees of undesirable varieties these may be 
top worked to standard sorts as suggested in section on top work­
ing, page 303.
i f e ?  location of the orchard will have a bearing upon its pos­
sibilities for renewing. I f  it is far from market, the cost of 
transportation to the market will be great. The supply of labor 
should be considered also for the lack of it often means the dif­
ference between a large profit and a loss.
i ^00d sde i or an orchard has good air drainage. Slopes of 
mnd that are higher than the surrounding country are desirable. 
While there is little choiee of the exposures, some prefer an east­
ern slope. In all probability the eastern and northern slopes 
are cooler, and will retain their moisture longer than the south- 
ern and western exposures. It will pay best, therefore, to work 
with those old orchards that are planted where these conditions 
can be found. However, unless the orchard is in a “ pocket”  
where frosts are apt to catch the blossoms, it will pay the owner 
to renovate it, providing the other conditions above mentioned 
are met.
HOW  TO RENOVATE THE OLD ORCHARD
If the orchard is likely to be profitable when renovated, these 
various steps must be taken in the renovation. First, the trees 
must be stimulated; second, they must be fed; and third, they 
must be protected. '
In some of these Mills county orchards the trees are planted 
far too closely together, some not more than 16 feet apart each 
way. These trees should be systematically thinned properly be-
¡| S B B  °ther steps ar€ taken- I f  the trees are 18 to 25 years 
old, they should not stand less than 30 feet apart, while a greater 
distance is better. Where planted as close as 16 feet, three of 
every four trees should be taken out, leaving the trees 32x32 feet.
Before beginning this thinning out process, the grower should 
know what varieties are in the orchard. I f he does not, he will 
be unable to tell which he can leave with the most profit. It is 
therefore best to start renovation in the fall while there are a 
few apples on the trees so that they can be identified. One of 
the snnpiest plans to follow in thinning to proper distance is to 
plat the orchard on paper, marking the variety of each tree 
thereon In determining the vacancies when the thinning is com­
pleted the present vacancies should be included when possible 
In selecting the trees which are to be left standing, the most pro-
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Fig. 15. Plan for thinning an old orchard.
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Stable varieties should be chosen first, and then those that are 
most healthy, next.
T H IN N IN G
Pig. 15 represents an orchard of 160 trees, 42, or 26 per cent, 
of which are either missing, weak or undesirable varieties. The 
dotted lines show one lot of trees that would be left after thinning 
if the alternate trees on the solid lines were removed. Eight va­
cancies are found on the dotted lines and 8 weak trees or unde­
sirable varieties, a total of 16, or 20 per cent of the total after 
thinning. I f the trees on the dotted lines were removed and 
those on the solid lines retained there would be 14 missing trees 
and 12 weak trees or undesirable varieties, a total of 26, or 32% 
per cent of the total after thinning. This diagram illustrates 
the value of platting the orchard before any thinning is done.
I f  the original trees stood 16% feet apart on the plat before 
thinning they would stand 23.3 feet apart after thinning. If 
24x24 feet before thinning they would be 33.9x33.9 after The 
latter is a good distance but 23.3x23.3 feet will be found too close 
after a very few years of proper handling. They can be thinned 
by again taking out alternate rows leaving the trees 33x33 feet.
I f  the trees have been crowded, it is sometimes desirable to 
prune back more heavily from the sides those trees that are to 
be removed, and leave them standing for one or two years, thus
Fig. 16. Thinning out old trees bv removing 
The tree near the centre is the last to' be removed diagonal rows across in this diagonal row.
the orchard.
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allowing the tree which is to be permanent an opportunity to 
become accustomed to the greater supply of sunlight gradually. 
This plan also offers opportunity to secure a partial crop of fruit 
from the trees that would otherwise he removed. No trees, how­
ever, should he allowed to crowd when this method is used and it 
may be necessary to cut hack severely each year. Thinning out 
of the trees can be done at any time hut probably the late winter 
and early spring offer the best opportunities.
F IL L IN G  V AC A N C IE S IN  OLD ORCHARDS
Providing there are vacancies in the orchard after the thinning 
out of undesirable trees, if properly handled, it will pay to fill 
these with young trees. It does not usually pay to attempt to 
grow an orchard on an old orchard site, but providing the 
ground is to be worked any way it will pay to have vacancies 
filled. To do this most successfully,* the tree holes should be dug, 
or better still, blown out with dynamite, the fall before setting.
With a crowbar or similar instrument make a hole two to three 
feet deep where the new tree is to be planted. Two feet is deep 
enough and requires less fuse. At the bottom of this hole insert 
one-half stick of 40 per cent dynamite, or similar explosive. 
When this is exploded the ground will be loosened several feet in 
all directions, if the soil is comparatively dry. When the 'soil 
is wet the dynamite compacts it making only a small hole. It is 
preferable to do this work in the fall and after filling the de­
pression with manure allow the fall and winter rains and snow 
to leach the plantfood from the manure into the soil and also al­
low the soil to settle together where crevices have been formed 
by the explosion. In the spring the manure may be removed and 
the tree planted. Fresh soil taken from some distance should be 
filled in around the roots of the young tree. By loosening the 
soil with dynamite the young trees have a much larger feeding 
surface. Numerous reports show the successful filling in of va­
cancies of old orchards by this method. It is claimed that these 
trees will make a much more rapid growth than those set with a 
spade. Providing the holes cannot be dug in the fall, it will be 
advisable to mix well rotted manure with the earth that is filled 
about the trees.
PR U N IN G
The next step is the most important operation of orchard 
renovation —  pruning. Any one of several other , operations 
may be omitted, and yet, the work be successful, but if the old 
trees are not pruned they 'will not bear satisfactory crops of 
apples.. Pruning should be thoroughly understood before pro­
ceeding, but there is nothing difficult about the work if it is given 
a little attention.
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Before discussing the manner of doing the work, the reasons 
for each operation should be considered. Trees are pruned for 
several reasons.
First.— To regulate the size and shape of the trees. Such 
pruning may more properly be called the training of the tree. 
Many old, neglected orchards have grown so high and have de­
veloped so unsymmetrically that the size and shape of the trees 
need correction. To aid spraying and picking, trees should not 
be allowed to grow higher than 25 feet. Taller trees should be 
brought down.
Second. To remove diseases. Nearly all old orchards con­
tain trees with a large amount of blight, and other cankers. The 
care of these trees is discussed later.
Third.— To influence the vigor and health of the tree. The 
removal of a proportionately large portion of a tree takes away 
wood and leaves that use up plant food or sap furnished by the 
roots, and makes it necessary for that portion which remains to 
grow more rapidly to utilize this plant food. In other words, if 
the demand for plant food is lessened by cutting off some branch­
es the remaining branches have a larger supply to draw upon. 
The result, if this work is done while the trees are dormant or 
before growth starts in the spring, will be a much larger wood 
growth following the pruning. The trees are thus invigorated 
and strong healthy growth results. Care should be taken not to 
cause the tree to develop woody growth to such an extent as to 
decrease fruitfulness.
Pruning during the summer after the active growing season 
is past usually does not stimulate wood growth but has the op­
posite effect. Therefore, those trees Which are growing too vig­
orously at the expense of fruitfulness should be pruned just at 
the end of the active growing season. A  good time in Iowa is 
the last half of June. The trees should be relieved of the im­
mense amount of wood which is a load upon its feeding surface. 
But the pruning should not be so severe as to unbalance its ac­
tivities. It is well to have an ideal tree in mind but in these or­
chards no attempt should be made to cut out all that is needed to 
reach the ideal the first year. The pruning should extend over 
three, or even four, years.
Fourth.— To regulate fruitfulness. To understand the effect 
of pruning on the bearing habit of the apple it is necessary to 
know how the apple tree bears its fruit. The blossoms and re­
sulting fruit are usually borne on the end of short fruiting spurs. 
Bloom and fruit are frequently borne at the ends of twigs, but 
this is unusual rather than common. It is needless to say’ that 
these spurs, except in very rare instances, should never be re­
moved. Many trees are bare of fruit spurs except at the very 
ends of the branches. Each fruiting spur usually bears a blossom
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Fig. 17. Pruning tools. 1 and 2. Hand pruning shears. 3. Long handled 
pruning shears. 4. Curved double edged pruning saw. 5. Swivel pruning saw. 6. Straight double edged pruning saw. Numbers 1, 3 and 5 are recommended.
bud only once in two years. In other words, the fruiting spur 
which hears fruit in 1914 in all probability will not bear fruit in 
1915, but will again produce in 1916. Where a large percentage 
of the spurs produce in a single season we expect alternately a 
heavy and light crop. Some varieties, as they grow older, have 
this habit very markedly fixed, though while young, they may 
bear moderate crops each year.
PR U N E TO K E E P  TREES VIGOROUS
If the trees are pruned just enough to keep them in good 
health and vigor, approximating as near as may be the condition 
of the young tree, they can, in a large measure, be prevented 
from alternating their crops. In other words, all fruit spurs 
should be kept in a vigorous healthy condition, though not so 
vigorous as to cause them to grow into long slender twigs. Fruit 
spurs in densely shaded trees are usually slender and weak. The 
tree shuld be opened up sufficiently to allow them to develop 
normally. Thinning out too many large branches or topping the 
trees back too severely will often throw these spurs into rapid 
growth at the expense of fruitfulness. Therefore, the thinning 
out of just sufficient wood from all parts of the tree, to admit 
sunlight and air, and the topping back of strong growing branch­
es, sufficiently to give the fruiting spurs a healthy growth will 
give best results.
How is one to judge the amount of pruning necessary to give 
the fruiting spurs the right vigor? Generally speaking, weak,
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slender and dying fruit spurs indicate too little pruning while 
the development of water sprouts and long twig growth indicate 
that the pruning has been too heavy. Too heavy pruning, while 
undesirable because it upsets the normal activities of the tree, 
may increase bearing wood for subsequent crops.
Heading in, or topping back, tends to increase the number of 
fruiting spurs, while thinning out all parts of the tree tends to in­
crease the health and vigor of the spurs already borne by the tree. 
However, heading in, if not too severe, also tends to increase the 
vigor of the fruit spur.
PRUNING
In pruning an old orchard, these steps may be taken:
First, cut out all gwater sprouts”  that are not needed to fill 
vacant spaces. Water sprouts, as a rule, will not bear fruit for 
several years, but by bending them, cutting them back, or in some 
other way way cheeking their growth, they can be made to hear 
tlm second or third season. These water sprouts may be 
trained to fill vacant parts of the trees, and when left should be 
headed hack for at least one-third of their length.
Second, remove all cross limbs, i. e., those that cross each other 
and also those that crowd or rub each other. Remove all dead 
wood also. After these ^ operations, in all probability, no more 
wood should be removed the first year. It is important, however, 
that a sufficient amount of light be given the trees and it may be 
necessary to open them up more.
Do not remove the fruit spurs along the body of the branches 
unless they are broken or diseased. This is too common a mis­
take. Many orchards are so pruned that no fruit spurs are left 
on the inner under parts of the tree while the outer branches 
are left so dense that fruit buds will not form.
In the second year it may be well to begin the cutting out of 
some of the thick heavy heads and the topping hack of long slen­
der limbs, either side branches ,or tops. In all pruning it is bet­
ter to prune from the top down, rather from the bottom up. Too 
much wood is apt to he removed from the bottom of the tree in 
the latter case and not enough from the top.
D ISTR IB U TE  THE CU TTIN G
The cutting should he distributed throughout the top, remov­
ing a larger number of smaller brancher rather than opening up 
the top by the removal of a few large limbs. A systematic thin­
ning of the entire top is necessary. With a pair of hand pruning 
shears clip branches from one inch in diameter or less from all 
over the outer portion of the tree. It will be necessary to use 
a ladder for much of this work.
If the tree has developed a tall central leader this should he 
cut hack. From a tree that is 25 to 30 feet high ten feet of the 
top of the central leader may be profitably removed in order to
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Before pruning.Duchess of Oldenberg.Fig. 18. Fig. 19. Same after pruning. The top has been brought down and the surplus wood thined out.
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throw the growth into the side branches. I f higher the cutting 
back will need to be proportionately greater. But if the cutting 
needs to be severe the top should be brought down gradually, 
cutting back a few feet each year over a period of three or four 
years.
Horizontal branches may be cut back also and is desirable 
where the trees lack vigor.
In topping back the upright branches the cut should be made 
just above a good healthy, strong, growing, side branch winch 
will serve as a feeder and prevent a large amount of water sprout 
growth at the cut and will also heal over the wound earlier. The 
cut should preferably be made at an angle so that it will shed 
water better, and also to assist the healing process. To throw 
long horizontal branches upward, make the cut just above a 
strong upright growing branch.
The weaker trees should be pnlned and cut back the most 
severely. In some such cases the trees may be shaped up in a single 
season but with most of the trees the work should be done more 
gradually to prevent a rapid growing, sappy wood, subject to 
blight and winter killing, and requiring much subsequent care.
Instances are on record 
where trees have been ma 
terially injured or killed 
by cutting away too much 
of the top at one time. The 
vigorous growth and wa­
ter sprout development 
may be reduced by remov­
ing the dad wood and more 
brushy part in the winter 
or spring and then com­
plete the pruning the fol­
lowing June.
In the removal of large 
limbs that are diseased or 
undesirable cut parallel 
with, and as close to, the 
parent branch as possible. 
This wound, while larger 
than a cut perpendicular 
to the parent branch, will 
heal much mor readily. 
Stubs such as'are shown 
in fig. 22 offer free access 
for the entrance of numer­
ous rots. It is sometimes 
desirable with large limbs 
to cut them off at some dis­
Fig. 22. Butchering, _ not • pruning. Long 
stubs admit wood destroying fungi. The low­
er wound is healing well because cut close. 
The longer stubs will never heal.
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move the stub later.
For proper spraying and picking trees should not he more 
than 20 to 25 feet high. With but few exceptions by careful 
handling trees can be cut back to that height even though 15 
to 20 feet must be removed. It is not desirable, however, to 
treat the trees any more severely than is necessaryj and the 
removal of a large amount of wood, whether in large branches 
or in tops, is undesirable. Where wood is removed a rank 
growth will follow and some trouble from blight may re­
sult. This heavy growth must be carefully handled the next 
season. It is important that these sappy growths be removed the 
next year to throw strength to the fruiting wood.
W H E N  TO PRUNE
The time of the year to prune these old orchards will depend 
somewhat upon their health and vigor. Trees which have been 
stunted, or which are not growing as rapidly as they should, had 
best be pruned before growth starts in the spring. This to­
gether with proper soil treatment will produce a healthy wood 
growth. Wounds naturally heal best when made at a season of 
the year when growth is most active. Those' trees Which have 
been making considerable twig growth at the expense of fruit­
fulness will pay best if pruned in May or June after growth has 
started. Winter pruning tends to produce wood growth, while 
early summer pruning checks wood growth and helps develop 
fruit buds. Summer pruning will help to decrease the number 
of water sprouts which follow severe pruning.
But most of these old orchards are low in vitality and need 
stimulating so that in all but exceptional cases pruning during 
the dormant season is recommended. This season also offers bet­
ter opportunity to employ labor at an ordinarily slack time of 
year.
Heavy freezing and thawing weather following pruning may 
cause some damage so that where feasible to do so March and 
April are the better months for this Work.
All wounds made in the pruning should be disinfected. For 
this purpose copper sulphate or blue vitrol solution, formalin 
solution, corrosive sublimate solution and other preparations are 
useful. Wounds which are more than an inch in diameter should 
then be painted with white lead and raw linseed oil, using as 
small an amount of oil as will make the paint work well. I f  ten 
days or two weeks is allowed to pass after the wound is disin­
fected, the paint will stick better to the dryer surface. I f the 
orchard is affected with fire blight or blister canker it will be 
safer to disinfect the pruning tools, especially after the removal 
of diseased parts.
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Fig. 23. Prunings covered with straw mulch in summer oi 1911. Photo taken 
summer of 1912. The small twigs and branches were almost completely decayed. 
One objection to this method is that .it brings the feeding roots to the surface of the 
soil.
TILLAGE
If the orchard is in sod and has not been making a satisfactory 
growth, the sod should be plowed and the ground thoroughly 
cultivated for a few years. Old orchards covered with blue grass 
sod are almost as effectually covered to prevent the rainfall en­
tering the soil as though a roof were built over them. Of those 
grass crops ordinarily grown it is the opinion of agronomists that 
timothy and blue grass are the hardest upon the soil. Certainly 
neither is good for an orchard sod.
The best time for plowing is early in the spring as soon as the 
frost leaves the soil. The ground is usually loose and moist then 
and plows more easily. Also most of the small root hairs by 
which the trees take up moisture and plant food from the soil 
die in the winter and less injury results if the plowing is done 
before these begin to form in the spring. If the orchard has 
been in sod’for several years it will not be well to plow deeply as 
too many feeding roots will be destroyed. After cultivation has 
continued for some time, it can be gradually deepened, thus forc­
ing the roots to greater depth. It will be unnecessary to plow 
close to the tree in these old orchards as the bulk of the feeding 
roots are not near the trunk but at some little distance therefrom.
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The plow should be followed by a disc to cut up the sod. The 
harrow should he used frequently, at least once each week dur­
ing the spring and summer; if the soil becomes packed by heavy 
rains, it should he disced after each rain. All cultivation should 
cease after the middle of July and some cover crop sown.
COYER CROPS
Several cover crops are in use in the middlewest; these may he 
divided into two classes, the leguminous and non-leguminous. 
Of the first class, winter vetch, cow peas, clovers, and Canada 
field peas are prominent in this region. Yetch, while expensive, 
makes the best cover. Of the non-leguminous crops, the leading 
ones are buckwheat, oats, rye and millet. Buckwheat and millet 
have given best satisfaction for most Iowa soils. Millet should 
not he allowed to go to seed as the production of a seed crop may 
cause damage to the trees. The leguminous crops should be 
used on badly run-down soils and the non-leguminous crops on 
those which are rich in nitrogen. Rape is also used.
The cover crop is planted to check growth in the tree so it 
may properly ripen, thus preventing winter injury, and to catch 
and hold the snow. It also serves as a protection to the roots in 
dry, cold winter. The cover crops should be plowed under in 
the spring before dry weather comes on and cultivation con­
tinued until the middle of July.
In plowing on steep hill-sides that are apt to wash, it will he 
well to follow the contour and plow around the hill. Good re­
sults have been obtained by leaving a strip of sod in the tree 
row from 6 to 10 feet wide and cultivating in the middle.
Some method of conserving moisture for use by the trees dur­
ing hot dry summers is imperative and cultivation seems to offer 
the cheapest way. Where straw or other material is available 
as a mulch at a low cost they may he used. There is one disad­
vantage in the use of a mulch, and that is the feeding roots of 
the tree are brought nearer to the surface of the ground than 
under cultivation, rendering the trees less resistant to adverse 
conditions.
SPRAYING
The use of sprays for controlling insects and diseases is ac­
cepted by all progressive fruit growing communities as a neces­
sity and yet only a very small percentage of the growers in Mills 
county are even interested in the subject. Of all of the orchards 
visited, hut two had ever been sprayed with a gas power liquid 
sprayer. Four dust sprayers were found* and eight small hand- 
power sprayers. Some of these had been used regularly, hut 
for the most part only at long intervals. Only three orchards 
were found which had been sprayed systematically for several
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years past. Not a single grower who had sprayed his orchard 
had any doubts in regard to value of spraying.
With so many insects and diseases in the county, as found in 
the survey, it is a question whether the district will ever produce 
any hut exceptional crops that are free from disease and insect
injury. _
To rid an orchard of its fungous and insect pests, the first 
spraying should be given just as the blossom buds are separating 
in the clusters. In this application, it is most important to use 
some fungicide. Bordeaux mixture is most effectual in the con­
trol of scab hut lime sulfur will very materially check its growth. 
Bor the beginner who is not familiar with the making of hor- 
deaux mixture it will be better to use lime sulfur. The directions 
for making and diluting both of these liquids are found in Bulle­
tin No. 127 of this station which will he sent free on application.
While the fungicide is being applied at this time, it will not 
cost any more for labor to apply an insecticide which will help to 
control all leaf eating insects. Moreover, it is especially import­
ant to apply an insecticide at this time to control the canker 
worm. Three pounds of lead arsenate to 50 gallons of water is 
recommended for this purpose. Paris green and other aisen- 
icals may be used, but at the present time lead arsenate appears 
preferable because it is non-injurious to foliage.
The second spraying should be applied immediately following 
the bloom, or about the time the greater percentage of the blos­
soms have fallen. The important thing in this application is to 
lodge the poison in the base of the blossom or calyx. It has been 
shown by careful counts that three-fourths of the young codling 
moths enter the apples at the blossom end in the early summer 
months. By driving the spray into this part of the fruit, these 
young worms are poisoned before they damage the fruit. In 
making this second application high pressure, from 150 to 200 
pounds is desirable for the most eeffctive control of the worms. 
•Such a pressure, however, can hardly he obtained except by the 
use of high grade machinery. It seems desirable to apply a fun­
gicide also at the same time the insecticide is applied in this sec­
ond spraying, and lime sulfur is recommended.
During wet seasons, when apple scab is prevalent, a third 
spraying should be given about two to three weeks after the sec­
ond spraying. On account of the prevalence of apple blotch in 
Mills county, it seems desirable to use bordeaux mixture for this 
^spraying as lime sulfur will not control this disease. -An appli­
cation at this time of lead arsenate will hold in check codling 
moth as well as the green fruit worm and any leaf; eating insects.
A  fourth spraying, or the third in dry Seasons when it is not 
necessary to apply the spraying just described should be given 
July 15 to 25, depending upon the development of the codling
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moth. At this time, or soon after, the second brood appears and 
the young worms enter the side of the fruit. In case apple 
blotch has broken out, it would be well to apply bordeaux mix­
ture at the same time. Some benefit may be derived from its ap­
plication in preventing further spread of apple scab.
SPRAYING MACHINERY
. .^or orchards of ten acres or more, a gasoline power sprayer 
is highly desirable. These can be purchased at from $150.00 to 
$300.00. For from five to ten acres of orchard, it is barely pos­
sible that a horizontal double action pump fitted to a tank will he 
most economical. Where the orchard is small, ranging from 
50 to 300 or 400 trees, a good barrel outfit will suffice. The 
double action pump can be purchased at from $35.00 to $65.00 
each; the barrel pumps at from $10.00 to $40.00 each.
There are many hillside orchards in Mills county in which it 
would be difficult to spray with an ordinary gasoline power out­
fit because of the danger of tipping over. Several companies, 
however, are manufacturing spraying machines with the tanks 
hung low so that this danger is practically eliminated.
A  traction sprayer, or one which gets its power from the 
wheels, is not recommended for orchard spraying. In traveling 
the short distance between the trees, the wheels do not pump 
sufficient air pressure to do effective work while the machine is 
standing still.
Several dust sprayers were found in Mills county. There has 
been considerable controversy between the dust and liquid spray­
ing manufacturers. The dust spray is more easily and econ­
omically applied and undoubtedly is of much benefit in control- 
mg insects, especially those which feed upon foliage, but in a 
year when fruit diseases are severe the dust spray does not prove 
effective m their control  ^ while the dust sprayer effects a great 
saving m labor and cost of material, it does not seem desirable 
to recommend this kind of machine.
i,TOi^di  effective work in spraying several small appliances 
should be included m ordering a spraying machine. Good hose, 
guaranteed to withstand high pressure, is necessary. At the 
end of each lead of hose a good cut-off should be provided. A 
bamboo spray rod from 8 to 12 feet long is necessary for the best 
work among tall trees. At the end of this spray rod should be 
provided either an angle connection or an angle nozzle Where 
power sprayers are used, a “ Y ”  or “ U ”  should be provided so 
that two nozzles may be attached. This greatly facilitates the 
work. For the first, third and fourth sprays a nozzle which 
throws a fine mist is desirable. For the second spraying, a nozzle 
i M  ^J11 ¡E l i  a driving spray is best. In this case it is desir­
able to throw the mixture with considerable force in larger drops 
so that it may penetrate the blossoms, while in the other sprays
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Fig. 24. A McIntosh Bed apple tree before top working. Fig. 25. Same tree after top working, showing about the proper amount and distribution of work to be done the first season.
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Fig. 27. Same tree after top working. Fully as much as should 
be done the first season.
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it is desired only to cover the surface of the fruit and foliage.
!Among older orchards a tower will be found indispensable if 
thorough work is to be done. This tower need not be more than 
8 feet high from the ground to the platform.
TOP WORKING
In many of Mills county orchards twenty to thirty years old 
are trees of undesirable varieties, either little known sorts or 
¡early varieties which are not easily marketed. Many of these 
trees might be made to pay a profit by top working them to more 
desirable varieties. In some cases Russian varieties are exten­
sively found. As a rule these prove hardy and vigorous but are 
not good commercial sorts on account of early ripening. How­
ever they do make excellent stocks upon which to work later rip­
ening standard varieties. Because of the heavy demand for nur­
sery stock in the late 80’s and early 90’s when the older orchards 
were planted, many mixtures of varieties occurred. These odd 
varieties are objectionable as they ripen at different seasons and 
necessitate much travel from tree to tree to avoid mixing fruit 
at harvest time. Where this is true, it will also often pay to 
change these varieties to those desired whether in the commer­
cial or home orchard.
Top working is not difficult if the essential factors are under­
stood and simple directions followed.
Grafting is employed to propagate a tree or plant that bears 
superior fruit or flowers or foliage. It does not improve the va­
rieties propagated, except as it may increase size or production. 
It simply perpetuates the characteristics of the individual tree 
or plant from which the cions are cut.
The cion is the cutting from the tree to be propagated which 
is inserted into the stock upon which it is desired to grow a new 
top. The cion is usually about six inches long and should be tak­
en from the previous season’s growth, as older wood is less suit­
able for grafting. The cion should have well ripened wood and 
well developed buds.
Trees to be used for stocks should be in good health and vigor. 
It is useless to try to graft trees that are low in vitality. The 
union between stock and cion should take place soon after the 
top working is done and the wounds should heal rapidly. These 
requirements can only be secured in healthy vigorous trees.
The cions should be dormant when inserted in the stock. They 
may be cut and stored before hand if desirable. Pack in damp 
moss and store in a cool cellar or bury them a foot or Two below 
the surface of the ground and they can be kept indefinitely. I f  
too wet, they are apt to mold. If too dry, they will not grow. 
They should be protected against freezing because freezing is a 
drying process. Cions may be shipped long distances if these 
requirements are observed.
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Pig. 28. Details of cleft grafting. , •
Grafting can most conveniently be done, as a rule, just before 
growth starts in the spring. The wounds will heal most rapidly 
if  the cuts are made at that time. However, the work may be 
done after several inches of growth has taken place if the cions 
are kept dormant.
. The union, upon which success depends, takes place at first be­
tween the cambium layers of the stock and cion. These must be 
brought in close contact and held there. The cambium layer is 
the active growing part of the tree and is situated just between 
the bark and wood. Where the bark of the stock is thicker than 
the bark of the cion, it is necessary to set the cion back from the 
outside surface of the stock to bring the cambium layers together.
The cut surfaces should be protected from air and rain. Air 
evaporates the sap of the tree and also may carry disease. Rain 
helps to furnish conditions favorable to the development of rot.
Health, vigor, close contact of cambium and protection are the 
only essentials for. success.. Any workman can by careful work 
make a large percentage of grafts grow.
A  saw will be necessary to cut off large limbs. One like that 
shown in fig. 28, is preferable. Smaller branches may be cut 
with a small pair of hand pruning shears or a knife. A  grafting 
chisel like the one shown in fig. 29 is very handy and it will pay 
to secure one if a large amount of grafting is to be done. The 
cleft to be described later may be made with a saw, though it
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l will not be as smooth, making it more difficult to secure close con­
tact of the cambium layers. In addition to the chisel referred 
to, a mallet or short club will be needed to split the stock. Graft- 
I ing wax is required for covering the wounds.
There are several ways of making and applying the wax. The 
\ preferable method is to keep the wax warm and apply it with a 
brush. In this method melt together 6 parts of rosin, 1 part of 
beeswax and 1 part linseed oil. This may be kept warm in 
the orchard by means of a small stove in a sheet iron-cylinder 
which can be carried through the orchards. However, the wax 
will remain soft for some length of time. Care should be used 
not to apply the wax too hot as injury to the bark would result.
I This is not apt to occur with moderate precaution.
A soft wax may be made and applied by hand. Melt together 
one part of tallow or linseed oil, two parts of beeswax and four 
parts of rosin. After cooling, pull like taffy and wrap in oiled 
paper until used. Tallow or other grease should be applied to 
the hands when using this wax.
Waxed cloth may be made by soaking muslin in the wax while 
hot.
From three to five years should be taken to work over an old 
tree entirely. Only a small number of branches should be work­
ed each year. These should be distributed well over the tree, 
always taking care to leave branches to protect the young cions 
I against the sun, and to furnish foliage to keep the tree in a health­
ful condition of growth. Select the most vigorous branches first. 
I These will usually be found in the center of the tree. The weak-;
i
Fig. 29. Details of kerf grafting or inlaying.
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er branches will not furnish sufficient sap and the more strongly I  
growing ones will rob them.
I f  it  can be avoided, it is not desirable to graft branches moreB 
than 2 y2 inches in diameter, but larger branches may be used suc-B 
cessfully with careful work. Figs. 24, 25, 26, 27 w ill illustrateB 
about the amount and the distribution of grafting to be done ,theB 
first year. The original form and symmetry of the tree should B  
be maintained so far as possible.
The stubs should not, as a rule, be more than six to twelve I  
inches long. The smaller outer ones are cut closer than the I  
larger ones near the base or head of the tree. The larger branch-1 
es need shade and side branches should not be pruned away to I 
expose them. The grafts should be distributed throughout the I 
tree.
In completing the work the third or fourth year, more branch- I 
es should be grafted than will be finally needed. These can be cut I 
out later after the new head is well formed.
When removing larger limbs for grafting it is well to make the I 
cut at some distance from where the cion is to be placed to pre- I 
vent splitting. This stub is then cut to the desired length.
For larger branches the cleft graft is commonly used. The I 
spring of the wood holds the cion firmly in place. A  cleft is I 
made with the grafting chisel, taking care to get a smooth cat I
Fig. 30. Kerf graft on top worked tree properly waxed and wrapped with cloth 
to protect the wax from the sun.
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nd then a cion cut to fit is inserted. On horizontal limbs the 
^plit is made so that one cion does not come above another.
The cion is usually about six inches long though one as short
three inches may be used. It should have a bud near the top 
Jr smaller end and one at the butt at the point where it leaves the 
fetoek. The butt end of the cion should be cut to a long, smooth 
redge shape. One edge of the wedge should be a little thicker 
jthan the other so that when it is inserted in the split of the stock 
vith the thick edge outward, the fit will be closest there.
The split is wedged open with the point of the chisel and the 
ions carefully placed one on each side of the larger branches, 
pare should be used here to see that the inside of the bark of 
poth cion and stock come in close contact. This may be accomp­
lished by setting the cions at a slight angle. The chisel is remov­
ed and all cut surfaces, including the tips of the cions, covered 
with wax. The wax about the stub should then be wrapped with 
cloth to protect it from melting in the hot sun of summer and 
exposing the cut sur­
faces to the air.
In larger branch­
es, several scions may 
py set by sawing a 
[long, shallow, trough 
(shaped cut through 
[the bark and care­
fully trimmisg it 
(with a sharp knife 
pnd cutting the cions 
lo fit. This increases 
the chances of one 
bion growing. See 
¡figs. 29 and 30.
In either case, if 
[more than one cion 
grows, all but one 
[should be removed 
pfter one or two 
years, retaining the 
[strongest or most de- 
pirably placed.
I After the grafting 
¡is rone ,the trees will 
(demand careful at­
tention. The removal 
of so much wood will
pause a large growth 31, Top worked Belleflower tree, stock un-
bf Water SDroutS known, Mills county, planted 1855 to 1858. Has 
L i  • , . , borne regular crops since 1865. Tree apparently injVmlcn are apt to rob good health except for decay shown.
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them of sap. Some of these should be removed and the others 
cut back in June and probably once or twice later in the sea­
son. The branches and stubs should be shaded, but too much 
growth will smother out the young cion growth. I f the cions 
make too long and slender a growth, it may be well to pinch 
them back, forcing them to make a more stocky growth.
The whoe process is a shock to the tree and it will need care 
to revive as quickly as possible.
While this work would be expensive if undertaken on a large 
scale, a few trees can be worked in a comparatively short time 
and as the top worked tree will hear fruit in from three to five 
years after the cions are set, the results are sufficiently prompt 
to make it more desirable in many cases than to remove the old 
tree and plant a new one.
PHYSIOGRAPHY  *
TOPOGRAPHY
The principal topographic features to be noted in Mills county are its I 
upland flats and ridges, its upland slopes, and its lowlands and terraces.
The Upland Flats and Itidges. The uplands consist of an old drift plain, I 
modified by erosion and by the deposit on its surface of a blanket of loess. I 
But little is left of the old surface of the flat drift plain. The only rem- I 
nants are some flat strips of land on the highest divides farthest away from I 
the largest streams. These strips are usually less than one-fourth of a mile I 
in width, often much less. The widest flats are probably on the divides I 
north of Glenwood, north of Emerson, and south of Hillsdale, and on the I 
divide between Mud Greek and Silver Creek southeast of Silver City. The I 
total area of these upland strips is not more than merely a few square miles. I
Except for these flat areas, the divides everywhere consist of ridges, more I 
or less convex in cross section. These are broadest farthest away from the I 
principal drainage basins; approaching the margins of the Uplands, they I 
become more and more contracted and narrow. In the bluffs of the Mis- I 
souri river the flats are frequently only three or four feet across, with a I 
steep slope on either side. The average elevation of these summits of- the I 
uplands for the two counties is about 1,170 feet above sea level, varying 100 I 
feet above and below this height. The eastern two-thirds of the uplands in 
this area fall about 30 to 50 feet below the average, while the highest divides I 
approaching the Missouri river bluffs rise above it in places as much as 90 I 
feet. From north to south they have a general descent, of about a I 
foot and one-third to the mile.
The Upland Slopes. By far the greater area of the uplands is formed of I 
slopes which extend from the creeks and ravines up to the crests of the 
ridges and flats on the divides. Farthest away from the larger drainage I 
lines these slopes have a gentle grade, even near some of the larger creeks I 
they may be a half mile in length with a 100 or 125 feet rise in height. I  
But near the Missouri bottoms the slopes become steeper and frequently I 
rise at a high angle to 150 or even 200 feet above the bottoms. Along these I 
bluffs the slopes are sometimes too steep to be tilled. Elsewhere they eon-1 
stitute the main farm land in the region. The height from the foot of the I 
lowest to the top of the highest slopes is about 360 feet.
* Geology of Mills and Fremont Counties, Iowa Geological Survey, Vol. XIII> I 
Annual Report, 1902, pp. 123-183.
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The Lowlands and Terraces. The principal lowlands are the bottoms 
along the lyiissouri river. These vary from one to seven miles in width on 
the Iowa side. They have an elevation o f, about 20 feet above low water 
and an average descent to the south of about 11/ 3 feet per mile, their general 
slope being about the same as that of the uplands. In the re-entrant bends 
of the river bluffs, where the bottoms extend into the uplands, as they do to 
the southeast of Pacific Junction, they rise as much as 30 or 40 feet with 
a long gentle slope toward the bluffs. Otherwise they present an even plain 
with a few low tracts marking the former meanders of the river.
The lowlands of the West Nishnabotna have a pitch to . the south of a 
little more than 3 feet per mile and a width increasing from one and three- 
fourths of a mile near the north boundary of Mills county to three miles 
in White Cloud township.
The other creeks with definite flood plains are as given below:
Av. wd. of Slope, feet
Creeks bottoms in miles per mile
Silver .  ............. ............................... ............................ .8 5 (estimated)
Keg . . . ...................... .................................... ............... .6 7
Indian . . .............................. ............................. •.....< .4 10
The bottoms of Silver and K eg creeks are somewhat contracted in their 
lower course on. account of encountering the bed rock, but their change in 
this respect is not marked as in the case of the Nishnabotna riyers. Just 
below Malvern the Silver creek bottoms narrow to only a quarter of a mile 
for a short distance and at Glenwood, Keg creek can hardly be said to have 
a flood plain.
No notable terraces are to be seen on the flood plain of the Missouri 
river, but there are a few shelves in the bordering bluffs near the streams 
which come from the uplands. On the bottoms of the two Nishnabotna 
rivers, terraces are much more frequent. One covers about 3 sections of 
land west of White Cloud, and there are smaller remnants farther to the 
north, but on the same side, as in sections 12, 13 and 14, northeast of 
Hastings, in sections . 19 and 20, and in sections 8, 9, and 4, in Tp. 73 N., 
R. X L  I W .
of
Fig. 32. Looking eastward from ridge of first hills along Missouri river north 
Glenwood. Topography similar to large areas of the county near the river.
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D R AIN AG E
The drainage of Mills county differs in no essential from that of the 
surrounding region. I t  has reached a state of high maturity, as may be 
inferred from the nature of the topography. Drainage by seepage through 
the porous soil is remarkably efficient everywhere. During the heavy rains 
there is a prompt run-off from the surface on all slopes. The effectiveness 
of seep drainage is especially evident on the terraces in the Nishnabotna 
valley, as to the west of White Cloud, where the surface of the terrace 
covers an area of three square miles which is perfectly flat and yet remains 
uninvaded by drainage trenches, although the river, since their making, has 
had time to remove, all but a small fraction of the old flood plain. The 
drainage of the flood plains is in one respect less perfect now than before 
the prairies were under cultivation. With the general destruction of the 
native sod the slopes now more -promptly shed the surface flow during rains 
and these easily gather a full load of silty sediment which impedes the 
run-off in the creeks and fills their channels. The mud can be seen settling 
on the sides and the bottom of the channel, which thus becomes too small 
and causes the streams to overflow their banks. The retention of the 
streams within their banks during floods is thus with every year becoming 
a more and more serious problem to agriculture. During the summer of 
1902 hundreds of acres were flooded and covered with silt on thè Missouri 
and the Nishnabotna river bottoms, in places as deep as three feet. From 
some measurements which were made on the quantity of sediments carried 
by K eg creek during a freshet, it was found that the ratio o f sediments to 
the water by weight was 1 :44 , that is, the water contains about 2.2 per 
Cent of mud.
TA B LE  OF E LE V A T IO N S
Location Elevatioh
Clark . ........................ ........... ................................................................... ..........................1,000*
Emerson .......................... .. . ........................................................... ...............1,053*
Glenw ood............. , ............................................ .................................................................  981
Hastings . . . . . . . . . . . .  ..........     999*
Haynies ........................................ ....................................................................................... 954
Henderson ....................................................................................    1,031*
Henton ................................................................. .......................................................... 963
Hillsdale .......................................... .................................................................................... 1,189
Malvern .............................. ............... ... ................ ................ .................. 995
Minneola . ..................... . . . . ................... .......................................................... .. 1,036*
Pacific Junction..................................... ............................................................. ............... 958
Plattsmouth, 'low water, Missouri river. . . . . . . . . . . . . . . . . .  . . . .  . . v .'; . . . .  . 940
Tabor . . . . .  . ...... ................... ..................... ............... .......................................... .. .1,240*
White Cloud C r o s s i n g ........... ...................     973*
The Gumbo. In some places the boulder clay is overlain by a reddish 
yellow, clayey deposit, more or less like the loess but less porous, owing to 
the presence of fine, ocherous, intersticial material. This gumbo is always 
thoroughly leached, never calcareous, but in some places it contains scattered 
pebbles. The latter phase was observed near some of the remnants of flat 
uplands southeast of Minneola. The transition from this gumbo to the loess 
above is usually well marked, as may be seen at Emerson and also around 
Malvern. The gumbo is probably an old loess, in places mingled with sedi­
ments in former ponds or lakes on an old drift plain. A t other points it is 
probably composed of old alluvial deposits.
The Loess. The loess covers the uplands almost everywhere and is also to 
be seen on all alluvial terraces. Only where the .upland slopes are quite 
steep does the boulder clay come to the surface. The average thickness of 
the loess is estimated at about sixty feet, but in the bluffs of the Missouri 
river and for two miles east, it frequently attains a thickness of a hundred 
feet and is occasionally 150 feet. This marked thickening causes an ill de­
fined ridge along the west border of the uplands in some places but it has
* Estimates from aneroid measurements. The other figures are from Gannets 
Dictionary of Altitudes and refer to elevation of railroad track at the depot.
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Fig. 33. Looking south from near Glenwood. Indicating the height and steep­
ness of the slopes hear the Missouri River Yalley.
been so greatly affected by erosion that it now exists merely as a skeleton 
of divides among labyrinths of gullies and ravines. On alluvial terraces 
the deposit is far less, heavy, ranging from five feet on the lower terraces 
to thirty or forty feet on the higher ones near the bluffs of the Missouri.
In its structure, the loess is of the common type, a highly porous, dust 
like deposit, grayish yellow toward the Missouri river and more yellowish 
farther east, fracturing most easily vertically and horizontally and when un­
dermined always breaking so as to expose vertical walls. Occasionally it 
contains ocherous seams on the uplands and these have a tendency to conform 
somewhat in their course to the surface of the land. Calcareous concretions 
are common in many localities but they are mostly of small size and irregular 
shape in these counties.
The Alluvium. Though the alluvium deposits are extensively developed 
in the drainage valleys opportunities of studying exposures of their deeper 
parts are wanting. The material which appears in the stream banks. is 
mostly fine yellow silt, evidently derived mainly from the upland loess, with 
some sandy layers at distant intervals. Often the upper four or five feet 
consist of a black muck on the larger, flood plains. But the alluvium ex­
tends considerably below the beds of the streams and at greater depths con­
tains layers of sand and gravel as well as beds of old soils now buried under 
from twenty to thirty feet of the more recent. alluvium. On the bottom 
lands in the East Nishnabotna well makers report going through a few feet 
of black soil and below this about twenty feet of yellow clay silt. Below 
this there is some five or ten feet of fine quicksand and about fifteen feet 
of blue clay, tinder which is a white or gray sand, often with «ome, gravel. 
The latter usually contains water. This succession may be regarded as 
typical of the bottoms of both of the Nishnabotna rivers. In the bottoms 
of the Missouri river the alluvium is known to have a depth of not far from 
eighty feet farther north, and it probably has the same depth here. Where 
the bluffs recede from the river and the bottoms have not been subject to 
destruction and reconstruction by recent meanders low alluvial fans have in 
many places been built up by the streams which come down from the up-
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lands and there may be a gradual rise of the alluvial plain toward the bluffs 
of as much as thirty or even forty feet.
SOILS
The wealth of this region is due chiefly to the excellency of the soil, which 
is for the most part a porous loess or loess wash, with a deep black humus 
on all the lowlands. Sandy tracts are almost unknown and only of very 
limited extent near the channels of the Missouri and Nishnabotna rivers. 
In a few places on the upland slopes the reci gumbo clay is in evidence, and 
bakes in dry seasons. The best lands, as being least affected by seasonal 
variations in rainfall, are the low terrace flats, usually known as the “ second 
bottoms. 11 In dry seasons such land is low enough to draw moisture by 
capillarity from below and in wet seasons it is high enough and the soil 
porous enough to allow the superfluous precipitation to sink away into the 
sandy ground below.
D ESCR IPTIO N  OF TH E SOIL OF TH E M ISSOURI LOESS A R E A *
Anyone who is familiar with the topography of the western portion of 
Iowa cannot have failed to note the picturesque hills or bluffs which extend 
from Sioux City to the southern boundary of the state in a belt from five 
to ten miles in width. This belt lies within the area described as Missouri 
loess. This is a deposit which in nature and origin is similar to the loess 
of the Rhine and Moselle valleys in Germany, which are world-famous for 
their vineyards. In the southern part of this belt of deep loess, at Council 
Bluffs, for instance, grapes flourish better than anywhete else in the upper 
Mississippi valley, and this branch of horticulture is developing there.
The Missouri loess is less clayey than the other types of loess found in 
the state, but has ail the characteristics of a windformed soil. Even at the 
present time it has. been known to drift to a considerable extent during 
high winds, when the surface of a field has been exceptionally well pulver­
ized and not well supplied with organic matter. It is buff, or yellow, in 
color, and is composed of fine articles of exceedingly uniform size. Loess 
rarely, or never, contains large pebbles or stones, and but very little coarse 
sand. The Missouri loess covers the entire surface of the region where it 
occurs, with the exception of the area occupied by bottom lands, and some 
of the steeper slopes, from which it has been washed down to lower levels. 
It  varies greatly in depth, being more than 100 feet thick in some places 
near the Missouri River, while it has only a depth of a few feet in sections 
farther east.
This type of soil withstands both drought and excessive rainfall remark­
ably well, and in general it may be said that it does not wash badly, con­
sidering its rolling topography. Its porous nature allows large amounts of 
water to pass into the soil readily. In localities where the loess is of great 
depth the water may pass downward beyond the reach of plant roots, and 
may carry away the soluble and readily available elements of plant-food 
from the plants.
The porous nature of this soil permits of the free circulation of air and 
promotes the rapid decomposition of organic matter. It is necessary that 
the remains of plants in the soil should decay, in order that the material of 
of which they are composed may be available for the use of living plants. 
But it is, nevertheless, possible for vegetable matter of the soil to decom­
pose so rapidly that living plants cannot make use of the elements as rapidly 
as they are rendered available. When such conditions exist great losses may 
occur by leaching of the available elements, or by loss into the air through 
processes of oxidation. An ample supply of organic matter, or humus, is an 
essential of a fertile soil, and, in the case of a soil which permits of the
* Iowa Agricultural Experiment Station Bulletins 82 and 95.
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Fig. 34. Showing character of erosion in the valleys among the first hills east of 
the Missouri river.
rapid decomposition of organic matter, it is necessary that a systematic 
effort be made to maintain the supply.
Owing to the rapid decomposition of the organic matter in the Missouri 
loess, infertile tracts, varying from a few acres to as much as fifty acres in 
extent, are being developed where the loess is deep and the topography roll­
ing. Nearly every farm in the Missouri loess area is more or less affected 
in this way, and, as the number and area of these tracts tend to increase, 
they form a subject of much concern.
CONCLUSIONS
The soil of Mills county and other western Iowa counties is 
well adapted to fruit because of its plant food content, its ability 
to retain moisture through long dry seasons if given good culti­
vation, and its excellent drainage.
It is a common theory that climatic conditions are unfavorable 
to the development of the apple in Mills county. Yet, statistics 
indicate that the danger of late spring frosts and freezes is least 
the farther north the apple is grown. Mills county is situated 
very near the northern limit of successful late winter apple cul­
ture. It is £ fact that the danger of late spring frosts is much 
less here than in many other sections where the apple is one of 
the principal crops. Previous to the time that the survey was 
made, there had been a succession of late frosts and freezes. 
Since 1909 to the present (1914) there has been but one late 
frost that damaged the fruit and that was the disastrous freeze 
of 1910. Smudging was of interest to some of these growers and
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some of them had used straw and other home supplies of smudg­
ing materials. Some of the growers could profit by protecting 
their orchards with wood from the nearby timber, with oil heaters 
and in other ways, but smudging should not be considered until 
the grower is convinced that this is the only limiting factor be­
tween himself and success. After the orchard is thoroughly 
pruned, the fruit is carefully sprayed and some method of sup­
plying the tree regularly with moisture is adopted, it may pay 
to install an expensive orchard heating equipment. But the 
cost is large, the work annoying, and the need for heating comes 
at such long intervals that it will not pay for any but the orchard 
that is producing its maximum crops because other factors of 
orchard management have been given careful consideration.
The statement has been made that the soil of Mills county con­
tains the essential elements of plant food for the development of 
fruit of high quality. This is true hut the apple demands a 
large food supply and returns nothing to the soil except a few 
leaves. Therefore some attention should he given to this factor. 
The results secured by the use of manures as recorded on the 
foregoing pages is very indicative of this need. The soils in this 
region need the addition of vegetable matter. Manures if they 
can be secured at a reasonable price are the best fertilizer that 
could he used on the orchard.
The results of pruning and spraying as set forth are also in­
dicative of the value of these two orchard operations. Neither 
of these can he neglected and success be assured.
Apple orchards paid large profits in Mills county during the 
early history of the industry there. At that time there were 
but few insects and fungus diseases to damage the crops. Large 
areas were set to fruit trees as a consequence. These areas came 
into hearing hut the insects and fungus diseases had been intro­
duced before that time. Consequently those men who were not 
willing to protect their trees against these pests and against the 
drouth have found the orchards are not profitable. This result 
is natural and this condition is found in nearly all fruit sections 
in some of the orchards. One grower remarked that Iowa was 
too good to the farmer to make him want to work as much as was 
necessary to grow good fruit crops. This may be one reason for 
the more general neglect in this community. Many farmers are 
taking out the orchards while other still negelect them making 
them a harbor for insects and diseases to infest their neighbor ’s 
orchards.
The question of overproduction of apples was often discussed I 
by the growers. That there will be a good market for this fruit 
there can hardly be a doubt. The greatest difficulty will he 
that there will not be enough fruit raised to attract the desirable I 
buyers. But by organization or by a careful study of the mar- I
66
Bulletin, Vol. 13 [1914], No. 153, Art. 1
http://lib.dr.iastate.edu/bulletin/vol13/iss153/1
Fig. 35. A  neglected orchard in Mills county grown up to young timber. This 
Orchard has been cleared and pruned since this photograph was taken in 1911.
kets this difficulty will be overcome. The fruit raised on the Mis­
souri River hills will always find a market if the grower will give 
it the care necessary to produce a fancy product.
Attention has been called to the destructive diseases and insects 
at work in the county. These same pests will leave the market 
| only to those who will properly care for their fruit trees. There 
are no new orchards being planted to replace the ones that these 
insects and diseases are removing. Such conditions should be to 
| the advantage of the men who have a liking for fruit growing 
and will care for the old orchard and plant out a new one to 
come into bearing after the old one has passed its most profitable 
hearing age.
To those men who do not wish to make the apple business a
Ij business, it will be better to remove all hut a few trees for home pse and put the land to some crop that will be cared for. This Iwill be a benefit to the owner and to his neighbors who are grow­
ling orchards.
That apple orcharding can be made to pay as great or greater 
■profits than they did forty years ago, there can be no doubt. The 
■factors essential for success as stated above, if followed out care­
fu lly , can not fail. Apple orchards are paying handsome profits 
■in other counties of the state and of adjoining states immediately 
■surrounding this county. Some orchards in this county are pay-
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ing good profits. Therefore, it is believed that all that is lack­
ing are the men to take hold of this industry and develop it.
To succeed in fruit growing certain factors are necessary.
1st. Natural conditions, Soil, Climate, and Air and soil drain­
age.
2nd. Careful methods of orchard management must be em­
ployed, such as feeding the trees if necessary; protection against I 
insects and disease when they are present; and the removal of I 
any superfluous wood.
3rd. Economic methods of marketing must be employed. Para- I 
graphs 2 and 3 may be expressed in the term “ business ability” I 
of the man who is growing the fruit crop. Eecords of all these I 
factors have been presented in the foregoing pages.
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